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Benzene was measured in instruments 2 and 3. 



H. 

aK 

n. 

y- 

Dynes per 

Apparatus. 

Cm. 

Sq. mm. 

d. cm. 

2 

0-3924 

6*708 

0-8785 

0-0014 28-86 

3 

0-7294 

6-701 

’* 

„ 28-83 

Mean 28 -85 


These results arc in excellent agreement with the values found 
y the workers previously mentioned. For water these values are 
2-74 (R. and C.), 72-80 (H. and B.), and for benzene 28-88, 28-79 
{. and C.), 28-88 (H. and B.). This close agreement, however, 
lust be regarded as fortuitous, for it is estimated that the possible 
Tors in the measurements may amount to as much as 0-3 per cent, 
they are all in the same direction. 


Summary. 

(1) A table of corrections has been constructed which renders 
pssible the use of tubes of any diameter for the measurement 

surface tension by the method of capillary rise. 

(2) A simple form of surface tension apparatus has been devised 
hich requires only small amounts of liquid. 

(3) The surface tensions against air at 20-0° of water and benzene 
ive been determined with the following results : Water, y — 72-70 ; 
mzene, y = 28-85 dynes per cm. 


Table I. 


Values of rjb for values of rja from 0-00 to 2-29. 



o-oo 

0-01 

002 

003 

004 

005 

006 

007 

008 

0-09 

1 00 

1-0000 

9999 

9998 

9997 

9995 

9992 

9988 

9983 

9979 

9974 

p 

0-9968 

9960 

9952 

9944 

9935 

9925 

9915 

9904 

9893 

9881 


9869 

9856 

9842 

9827 

9812 

9796 

9780 

9763 

9746 

9728 

So 

9710 

9691 

9672 

9652 

9631 

9610 

9589 

9567 

9545 

9522 

po 

9498 

9474 

9449 

9424 

9398 

9372 

9346 

9320 

9293 

9265 

to 

9236 

9208 

9179 

9150 

9120 

9090 

9060 

9030 

8999 

8968 

0 

8936 

8905 

8873 

8840 

8807 

8774 

8741 

8708 

8674 

8640 

0 

8606 

8571 

8536 

8501 

8466 

8430 

8394 

8358 

8322 

8286 

10 

8249 

8212 

8175 

8138 

8101 

8064 

8026 

7988 

7950 

7913 

10 

7875 

7837 

7798 

7759 

7721 

7683 

7644 

7606 

7568 

7529 

0 

7490 

7451 

7412 

7373 

7334 

7295 

7255 

7216 

7177 

7137 

0 

7098 

7059 

7020 

6980 

6941 

6901 

6862 

6823 

6783 

6744 

0 

6704 

6665 

6625 

6586 

6547 

6508 

6469 

6431 

6393 

6354 

0 

6315 

6276 

6237 

6198 

6160 

6122 

6083 

6045 

6006 

5968 

0 

5929 

5890 

5851 

5812 

5774 

5736 

5697 

5659 

5621 

5583 

0 

6545 

5508 

547 i 

5435 

5398 

5362 

5326 

5289 

5252 

5216 

0 

5179 

5142 

5106 

5070 

5034 

4998 

4963 

4927 

4892 

4857 

0 

4822 

4787 

4753 

4719 

4686 

4652 

4618 

4584 

4549 

4514 

0 

4480 

4446 

4413 

4380 

4347 

4315 

4283 

4250 

4217 

4184 

'0 

4152 

4120 

4089 

4058 

4027 

3996 

3965 

3934 

3903 

3873 

IQ 

3843 

3813 

3783 

3753 

3723 

3683 

3663 

3633 

3603 

3574 

0 

3546 

3517 

3489 

3461 

3432 

3403 

3375 

3348 

3321 

3294 

0 

3267 

3240 

3213 

3186 

3160 

3134 

3108 

3082 

3056 

3030 
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Table II. 


Values of rjb for larger values of rja. 



00 

0-1 

0-2 

0-3 

0-4 

0-5 

0-6 

0-7 

.0-8 

00 

2’0 

0-384 

355 

327 

301 

276 

252 

229 

206 

185 

166 

3-0 

149 

133 

119 

107 

097 

088 

081 

074 

067 

061 

4-0 

056 

051 

047 

043 

039 

035 

031 

028 

025 

022 

5-0 

020 

018 

017 

015 

014 

012 

010 

009 

008 

007 

60 000 006 

Birkbeck College, 

005 

004 

004 

003 

003 

003 

002 

002 


London, E.C.4. [ Received. , July 2Hth, 192].] 


CLXXVL — -Contributions to the Chemistry of the Ter 
penes. Part XX. The Action of Hypochloron 
Acid on Pinene. 

By George Gerald Henderson and Josefh Kenneth Marsh 

The action of hypochlorous acid on pinene has been examined In 
Wagner and his collaborators (Wagner and Slawinski, Ber., 189'j 
32, 2064 ; Wagner and Ginsberg, Ber., 1896, 29, 886 ; Ginsberg 
J. Rnss. Phys. Chem. Soc., 1898, 30, 686), but by modifying th 
method of carrying out the reaction we have obtained result 
which differ in several respects from those already published. 

Wagner and Slawinski treated a cooled mixture of f-pinene ani 
10 percent, aqueous acetic acid with a 2 per cent, aqueous solutiu 
of sodium hypochlorite in such proportions that rather more that 
two molecules of hypochlorous acid were present for each moleculi 
of pinene. After completion of the reaction, the solution wa, 
separated from some undissolved oil, mixed with excess of potassiim 
hydroxide, and, after standing for two or three days, saturate 
with carbon dioxide and extracted with ether. From the etherei 
solution the following products wore separated : a ehlorohydrin 
C 10 H 17 OA m. p. ’ 31 °; traces of a different ehlorohydrin; pin* 
oxide; sohrerythntol ; nopinol glycol; and some unsaturatci 
compounds, not further examined. Our own work has show 
that these substances arc not the primary products of the reaction 
but are formed from these by the action of potassium hydroxide. 
Moreover, when Wagner and Slawinski modified their procedun 
by omitting the treatment of the reaction mixture with alkali 
hydroxide, they obtained from 300 grams of pinene about M 
grams of a viscous oil, from which they separated about 20 grain; 
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of a crystalline pinene dichlorohydrin, in. p. 13(i — 137"; the oily 
residue on treatment with dilute potassium hydroxide yielded some 
if the chlorohydrin of m. p. 131°, and some sobrerythritol. 
Treatment of pinene with successive quantities of a very dilute 
iqueous solution of hypochlorous acid yielded two crude pro- 
luots, olio of which was extracted from the aqueous solution, 
whilst the other was insoluble in water. The soluble product 
iroved to be a mixture of three crystalline diehlorohydrins, 
3 w H 18 0jjCJ 2 , which melted at 139—140°, 124 — 120", and 155" 
respectively, together with a viscous, oily substance. The reactions 
if the first of these diehlorohydrins are identical with those of the 
lompound of m. p. 136° prepared by Wagner and Slawinski, who 
found it to be optically active, to yield pinol oxide on treatment 
with aqueous potassium hydroxide, and to be converted into 
sobrerol when treated with zinc dust and alcohol. For these 
reasons, they concluded that the so-called pinene dichlorohydrin is, 
In fact, sobrerol dichloride or cis-1 : 2-dichloromenthanc-(i : 8-diol, 


Me 

l/0\ 

lie, c- — cii 
0 . 

I U 'CM..W | 

[1 2 C — OH — CH 2 


Pinol oxide. 


Me 

HO-HC-fici— CHCl 

' HjC— CH— CH 3 

HO-CMe, 

1 :2 •Dickloromcnthanc- 
0 : S-diol. 


Me 

llOdlC— C-=CH 

HX-CH-CH, 

HO-CMoj 

Sobrerol. 


have confirmed this view of the constitution of the pinene 
ichlorohydrin of m. p. 139° by its direct synthesis from i-sobrcrol 
y the addition of chlorine. 

The second pinene dichlorohydrin, which melts at I'A — 126°, 
i optically active. Of the four possible structurally different 
ichlorohydrins, only two can show optical activity. One of these 
ps been proved to be sobrerol dichloride; the other must be the 
pmpound under discussion, which therefore must be 
Me 

HO-HC— (J(OH)-CHCi 

1 I 

H.C-CH CII, 

2 i 

ClCMe* 

2 : S‘Dichhromenthane-1 : H-diol. 

is regards the third dichlorohydrin of ui. p. 155°, the quantity 
Sated was very small, and we have no direct evidence of its 
istitution, It is optically active, and may perhaps be derived 
m ^-pinene, a little of which may possibly have been present in 
1 specimen of pinene used. 

3f2 
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On treatment with two molecular proportions of aqueous potass- 
ium hydroxide, the dichlorohydrin of m. p. 139 yields o^de 
and i-pinol glycol 2-chlorohydrin, C 10 Hj,O 2 C1, m. p. 104— ,» 
The latter compound has been proved (Ginsberg and Wagnei, J. 
Russ. Phys. Chem. Soc., 1898, 30, 675) to be the racemic form of 
the optically active chlorohydrin which melts at 131 . It is very 
stable towards aqueous potassium hydroxide m the cold, but on 
heating it is converted, with some resimhcation into pinol oxide. 
On treatment with zinc dust and alcohol it yields pinol by loss 
of a chlorine atom and a hydroxyl group. It cannot have the 

formula I 

Me Me 


HCk—CCl — CH'OH 


(I) 


x CMc a 
H 2 C — CH 


(il.) 


HC.. -C(OH ) _CHC1 
I ° x CMeo I 


-CH, 


H 2 C — CH- 


-CH, 


for this represents the structure of the isomeric pinol glycol l-chloro- 
hydrin m. p. 52—54°, which was prepared by the action of hypo- 
chlorous acid on pinol and proved to contain a secondary alcohoi 
group (Ginsberg, J. Buss, Vhjs. Chem. Soc., 189S, 30, 681). Henct 
it must be pinol glycol 2-chlorohydrin (II). 

An isomeric chlorohydrin, quite different in properties from th, 
above is produced when the dichlorohydrin of m. p. 139° is agitata 
with very dilute aqueous potassium hydroxide m the proportiu 
of 1 mol of KOH to 1 mol. of C 10 H 18 O 2 Cl 2 . This substance is a 
crystalline solid which melts at 70-71° ; the chlorine content agn» 
with the formula C 10 H n O 2 Cl. Its constitution could not t* 
directly*elucidated owing to the ease with which it is transformer 
into the stable i-pinol glycol chlorohydrin of m. p. 104° by th. 
action even of water, but in all probability it is an isomeric chlorc 
hydrin. Indeed the conversion of pinene dichlorohydiin, m. p 
139° (III), into pinol glycol 2-chlorohydrin (V) cannot take plac. 
in a simple manner, and is more easily understood if it be assumet 
that the first step is the formation of this intermediate compound 
for which we suggest the following formula (IV). 


HO-HC 


Me 

-CC1-CHC1 


H,C— CH-CH 2 


Me 

HO-HG-C CHC1 

(J 

OMe, 


Me 

HC X — C(OH)-CHO 
j ° x CMe 2 j 
H,C CH CIl; 


HOCMc 2 h 2 c-ch-ch 2 

(III.) (IV.) (V.) 

The fact that this intermediate compound, unlike pinol glj'W 
2-chiorohydrin, is capable of forming a nitrobenzoate, yields supp*« 
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o this view. The same formula has been suggested by Ginsberg 
loc. cit.) for a chlorohydrin wdiieh he obtained by the action of 
iotassium hydroxide on the syrupy product of the treatment of 
linene with hypochlorous acid, but the available data are not 
ufficient to decide whether or not the two substances are the 
ime. 

Part of the viscous residue from which the crystalline dichloro- 
ydrins had been separated was distilled under diminished pressure, 
ut much decomposition took place, and no satisfactory result was 
btained. Another portion, on treatment with 10 per cent, 
jueous potassium hydroxide, yielded crystals of pinol glycol, 
i. p: 124°, which was undoubtedly formed from pinol oxide, the 
rimary product of the action of alkali hydroxide on some dichloro- 
fdrin still present in the residue, when the alkaline solution was 
ridified. 

Fractional distillation under diminished pressure of the oily 
•oduct which was not dissolved by water yielded some unchanged 
nene and some tricyclene dichloride, <J 10 H le Cl 2 , the presence of 
hich among the substances formed by the action of hypochlorous 
lid on pinene had already been observed by Ginsberg and Wagner 
x. cit.). 

It is evident from the results quoted that the action of hypo- 
llorous acid, even when in very dilute solution, is similar to that 
: many other reagents to the extent that it effects disruption of 
le very unstable dimcthykj/ciobutane ring in pinene. Hence 
le products of the reaction are in reality derivatives of menthane 
id not of pinene. 


Experimental. 

Preparation of Pinene Diehlorohydrins, C 10 H 18 O 2 Cl 2 . 

The pinene used in our experiments was prepared from American 
1 of turpentine by steam distillation and subsequent fractionation, 
hoiled at 150 — 157° and was slightly dextrorotatory. A dilute 
lution of hypochlorous acid, prepared by Taylor's method (T., 
12, 101, 444), was shaken with a quantity of pinene. in a large 
ttle. Absorption of the acid took [dace rapidly, and when com- 
ite the mixture was left until the oily layer had separated. In 
ler to obtain good yields of the diehlorohydrins their aqueous 
utions should not be kept for any long time. The aqueous 
er was syphoned off and saturated with sodium chloride, with 
i result that part of the product separated in solid form. This 
s collected and the filtrate thoroughly extracted with ether, 
e unattached pinene was repeatedly agitated with fresh quantities 
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of hypoohlorous acid until practically no more of the acid was 
taken up. As the process went on, the oily layer became by degrees 
denser and more viscous, developing a tendency to form emulsions, 
and in order to prevent this a little light petroleum was added. 
When the treatment with hypochiorous aoid was stopped, the 
greater part of the original pinene had passed into solution in the 
water, but there remained a quantity of an oily insoluble product, 
which was collected and examined separately. 

The mixed ethereal solutions of the soluble products were dried 
over anhydrous sodium sulphate, and on removal of the ether by 
distillation a syrupy liquid was left, from which a crystalline deposit 
separated on standing. The crystals were freed from the oilv 
matter as far as possible with the aid of the filter-pump. Further 
deposition of crystals from the filtrate took place, and this con. 
tinued for a considerable time, although separation of the crystal 
from the viscous oil became increasingly difficult. Finally most 
of the original syrupy substance was obtained in a crystalline form. 
The collected crops of crystals were washed with a little ether and 
repeatedly recrystallised from that solvent, with the result that 
wo finally obtained a less soluble dichlorohydrin which melted at 
130°, and a more soluble, of in. p. 124 — 126°. 

Sobrerol dichloridc (1 : 2-dich!oromevthane-6 : %-diol) crystallise 
from ether in small prisms. It melts at 130 — 140°, and can be 
distilled under diminished pressure with only slight decomposition 
It is sparingly soluble in cold ether, almost insoluble in light 
petroleum, and very readily soluble in alcohol. In water, it dis- 
solves rather sparingly in the cold, more easily on heating, blit 
undergoes decomposition to some extent. It is readily attacked 
by cold 'dilute solutions of alkali hydroxides, losing a chlorine and 
a hydrogen atom and yielding in llie first instance the chlorohydrin 
of m. p. 104° (Found : Cl = 29-49. C 10 H 18 O a Cl 2 requires Cl ■- 29-15 
per cent.). 

The mlrobaszoatc, prepared as usual in pyridine solution, is very 
sparingly soluble in alcohol, but is easily purified by crystallisation 
from a mixture of acetone and water, from which it separates as a 
colourless, crystalline powder which melts at 175°. 

In order to confirm Wagner’s view of the constitution of tie 
dichlorohydrin, a solution of chlorine in dry chloroform was added 
gradually to a similar solution of sobrerol, and the solvent removed 
lay evaporation in a vacuum desiccator. A viscous liquid remained 
from which crystals separated on standing. The crystals writ 
washed with a little ether, and after rccrystallisation from that 
solvent were found to melt at 13S"; a mixture of these vvitk 
the dichlorohydrin of in. p. 139° had the same melting point 
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ence it is evident that this dichlorohydrin is really sobrerol 
chloride. 

The dichlorohydrin of m. p. 124 — 126°, which apparently is 
: 8-dichIoromenthanc-l : 6-dioI, was separated from the isomeride 
st mentioned by taking advantage of its greater solubility in 
kor. It crystallises in colourless, silky needles, of which the 
lubility in water, alcohol, and light petroleum is much the same 
that of sobrerol dichloride. Like the latter, it reacts readily 
ith dilute aqueous alkali hydroxides, but it yields directly the 
itically active pinol glycol 2-chlorohydrin of m. p. 131°, with a 
ace of pinol oxide. The formation of an intermediate compound, 
happens with sobrerol dichloride, was not observed under any 
mditions. This dichlorohydrin is laevorotatory ; one specimen 
,ve [tr]n g = — 28-2°. 

A number of different fractions of crude pincnc dichlorohydrin 
liich had been prepared before the war were mixed and dissolved 
hot benzene. On cooling the solution, a mass of fine, silky 
iedles, consisting mainly of the dichlorohydrin of m. p. 124 — 126°, 
parated, together with some large, well-defined crystals. When 
le solution was warmed, the needles dissolved, but the bulk of 
te larger crystals remained behind, and was easily separated by 
wanting the liquid. After several recrystallisations from hot 
?nzene, in which it is sparingly soluble, this dichlorohydrin was 
itained in lustrous, colourless prisms melting at 155°. It is 
Dtically active, [a],,* — - — 59-5°. Like the other dichlorohydrins, 
reacts with dilute aqueous alkali hydroxides, but yields a product 
iiferent from either of those obtained from the former. As it 
ppeared possible that this substance might have been formed from 
ic dichlorohydrin of m. p. 124“ by heating in benzene, this was 
lot to the test of experiment, but even after prolonged heating the 
ssult was negative. Curiously enough, no trace of this compound 
Duld he detected in the specimens of dichlorohydrins recently 
repared, although the same oil of turpentine was in each case 
^ed as the source of the pinene, and the methods of treatment 
[ere the same. 


Preparation of the. Cldorohjdrins , C in H 1 ; OXl- 

1 12-2 Grams (1 mol.) of sobrerol dichloride were added to a l per 
pt. aqueous solution of 5-7 grams (2 mob.) of potassium hydroxide 
»d left for four days with occasional shaking. On the third day, 
pjstals of pinol glycol chlorohydrin separated, and on the fourth 
py almost all the dichlorohydrin hail passed into the solution, 
pich was now neutral. The solution was saturated with sodium 
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chloride and extracted with ether. From the ethereal extract, 
4-3 grams of a crystalline solid were obtained together with a 
quantity of a liquid with a strong, characteristic odour, which 
distilled at 78 — 80°/16 mm. When shaken with 2 per cent, aqueous 
sulphuric acid, the liquid passed into solution, and from the solution 
a quantity of crystals of pinol glycol, m. p. 124°, was extracted by 
means of ether. The liquid was thus proved to be pinol oxide. 
The solid product, the racemic form of pinol glycol 2-chlorohydrin, 
was purified by crystallisation from light petroleum, from which it 
separated in stout, colourless prisms, m. p. 104 — 105°. It is readily 
soluble in ether, alcohol, or acetone, from the last of which it 
crystallises very well, and fairly so in water, and in hot light 
petroleum. 

When sobrerol dichloride is treated with only one proportion 
of potassium hydroxide, the reaction takes a different course. 
lfi-2 Grams (1 mol.) of the dichloride, reduced to very fine powder, 
were added to a 0-5 per cent, aqueous solution of 3-7 grams (1 mol.) 
of potassium hydroxide, and the mixture was stirred continuously, 
In about three hours the solution had become neutral, and all 
but a little of the dichloride was dissolved. The solution was 
filtered, the filtrate saturated with sodium chloride and extracted 
with ether, and the ethereal extract washed with water, dried over 
anhydrous sodium sulphate, and distilled. There remained an oily 
substance which solidified after thorough drying in a vacuum 
desiccator, hut in this case no pinol oxide was produced. The 
solid, which weighed 13-73 grams, was broken up, washed once or 
twice with a little light petroleum, and recrystallised from that 
solvent. When pure, this new chlorohydrin crystallises in radiating 
tufts of fine needles, which melt at 70°. It is only sparingly soluble 
in light petroleum, even in the heat, but dissolves very easily in 
other organic solvents and to some extent in water (Found: 
C = 58-7 ; H — 8-5; 01=17-5. C 1P H 1? 0 2 C1 requires C = 58-7 ; 
H = 8-3 ; Cl = 17-3 per cent,). 

Unlike pinol glycol chlorohydrin, this compound reacts with 
p-nitrobenzoyl chloride in pyridine solution, yielding a crystalline 
p -nitrobenzoale, which separates from alcohol in small, colourless 
crystals, m. p. 125 r . It is very easily soluble in acetone, and 
sparingly soluble in alcohol. 

This chlorohydrin is very easily transformed into i-pinol glycol 
chlorohydrin, m. p. 104°. The change is quickly effected if the 
chlorohydrin is left in contact with dilute solutions of alkali hydr- 
oxides, a little pinol oxide being also produced in this case, or if it 
is mixed with very dilute sulphuric acid. If an aqueous solution 
of the compound is left to evaporate at the ordinary temperature, 
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crystals of i-pinol glycol chlorohydrin separate. It may he dis- 
solved in glacial acetic acid without undergoing this transformation , 
but when an attempt was made to oxidise it with chromic anhydride 
in acetic acid solution, pinol glycol chlorohydrin was again 
produced. 

The pinene diehlorohydrin of m. p. 124° was treated with one 
molecular proportion of potassium hydroxide in exactly the same 
way as sobrerol dichloride, but in no case was the chlorohydrin of 
m. P- 70° or any analogous intermediate compound obtained. The 
product consisted of the optically active pinol glycol 2-chlorohydrin, 
crystallising in lustrous needles of m. p. 131°, together with some 
of the inactive form, m. p. 104°. A trace of pinol oxide could 
also be detected and slight resinifieation occurred. This dichloro- 
hydrin was also treated with moist silver oxide and with silver 
acetate in alcoholic solutions; in each case pinol oxide was pro- 
duced along with a considerable amount of resinous matter. Oxida- 
tion with chromic acid mixture and with chromic anhydride in 
acetio acid gave no definite results, and attempts to prepare a 
p-nitrobenzoate were unsuccessful. 


The Product insoluble in Water. 

The oily product of the action of hypocblorous acid on pinene 
which remained undissolved by water was heated to remove light 
petroleum and then distilled at 14 mm. pressure. Fractions boiling 
at 80- -90°, 125 — 130°, and 130—145° were collected. When the 
temperature reached 105°, decomposition began, with evolution of 
hydrogen chloride, and a largo residue of pitchy material was 
left in the flask. The liquid fraction of b. p. 80 — 90° was redistilled 
under atmospheric pressure, hut much decomposition ensued and 
no definite product, except some unchanged pinene, was isolated. 
The fractions of higher boiling point, principally that distilling 
between 125° and 130°, deposited a crystalline solid on standing, 
and additional quantities of this were obtained by refractionation 
of the liquid portions. The solid was washed with light petroleum 
and recrystallised. From ether, in which it is readily soluble, it 
separates in large, colourless plates which melt at 176°; from 
methyl alcohol it crystallises in leaflets, m. p. 169 — 172°; in cold 
water it is almost insoluble (Found: €1 = 34-2. C 10 H 16 CI 2 requires 
-'1 — 34-2 per cent.). The compound was thus identified as tri- 
cyclene dichloride, although the melting point of our specimen 
was higher than that (165—168°) quoted by Ginsberg and Wagner. 
Additional proof was provided by its conversion into camphane 
(Semmler, Bcr., 1900, 33, 774, 3420). Tricyclene dichloride in 

3 E* 
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alcoholic solution is not readily attacked by sodium, but on pro. 
longed treatment it yielded a crystalline solid which melted at 
154—155°, boiled at 160—162°, sublimed very easily in small, 
lustrous plates, and behaved as a saturated compound towards 
bromine and towards potassium permanganate ; the solid, in short, 
was camphane. 

We take this opportunity ol expressing our thanks to the Depart- 
ment of Scientific and Industrial Research and also to the Research 
Fund Committee of the Carnegie Trust for grants which have 
defrayed the expense of this work. We wish also to acknowledge 
the help of Mr. j. W. Tait in some of the earlier experimental 
work. 

University of Glasgow. [lleceivcd, August 2 nd, 1921.] 


CLXXVTI . — The Reactivity of Doubly-conjugated 
Vnsaturaled Ketones. Part I. 4' -Dimethylamino- 
2-h ydrox yd islyryl K done . 

By Isidor Morris Heilbkon and Johannes Sybkandt Buck, 

As the result of an investigation of the action of compounds possess- 
ing a reactive methylene group on ketones containing the system 
•CXkOCIO, such as distyryl ketone, pp'-tetramethyldiamino- 
0 

distyryl ketone, etc., Borsehe [Annalen, 1910, 375, 145), basing his 
views on the Thiele conception of residual affinity, drew conclusions 
which more fully account for the varied degree of activity of these 
substances. Whereas distyryl ketone readily reacts with ethyl 
acetoacetate or acetylacetone in presence of piperidine, pp'-tetra- 
methyldiaminodistyryl ketone is quite unreactive under similar 
conditions, whilst p-dimethylaminodistyryl ketone only reacts with 
difficulty. 

According to Borsehe, the reactivity of distyryl ketone is due to 
the large amount of free residual affinity on both the carbonyl 
oxygen atom and the two external carbon atoms of the conjugated 
system : 

(1) (2) (.•!) (4) (5) 

-GH=CH— C— CH=CH— . 

I 0 I 
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The inactivity of the pp'-tctramethyldiamino-derivativc is 
accounted for by assuming neutralisation of the free affinities of 
the end carbon atoms with the unsaturated nitrogen atoms of the 
dimethylamino-groups. 


(H 3 C) 2 N-C 6 H 4 -CH=CH-C-CH=CH-C 6 H 4 -^(CH 3 ) 2 . 

0 


As this, however, does not in itself explain the diminished reactivity 
of p-dimethylaminodistyryl ketone, the further assumption is 
made that the disturbing influence of the dimethylaminophenyl 
residue also affects the unsaturation of the oxygen atom in such a 
way that a neutralisation resulting in complex ring formation takes 
place : 


Me,N. 


^\/\/ 


0 - 


V\jh/ 


i,C— CH— CH-C c II 5 . 

CH 


(I.) 


Although these postulates clearly demonstrate the mutual 
influence of groups or atoms upon each other, the explanation is 
not, however, complete. This may readily be demonstrated by a 
consideration of the above formula, where it follows that substitu- 
tion in the phenyl group would not bo expected to influence the 
activity of the molecule to any great extent, other than in the para- 
losition, where it would tend, through neutralisation of free affinity, 
;o cause decreased reactivity, as exhibited by jrp'-tetramcthyl- 
iiaminodistyryl ketone. 

The present authors have now prepared t'-dimcthylaraino- 
Miydroxydistyryl ketone, and find that it actually exhibits a quite 
.’xtraordinarily enhanced reactivity, being almost comparable to 
liphenylmethyl in the ease with which it forms additive products. 
Before entering into a discussion of the views which we suggest iti 
irder to account for this, the preparation and properties of the 
substance will first be briefly discussed. By the condensation of 
J-hydroxystyryl methyl ketone with p-dimothylaminobenzaldehyde 
m alcoholic solution in presence of 10 per cent, sodium hydroxide, 
J ^ ce i ) Wood-red solution is formed, which, on standing, often 
eposits a small quantity of an orange-red, crystalline substance 
P ting at 194°, which is identical with pp'-tetrametliyldiamino- 
W ketone (Sachs and Lewin, Ber., 1902, 35, 3576). 

■ llr S el y diluting the mother-liquors with water, there gradually 
•eparates out a precipitate which crystallises from alcohol in brick- 
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red prisms melting at 143°. After removal of this substance, 
further dilution yields a small quantity of orange crystals, which 
form round the sides of the containing vessel and melt at 200°. 
The yield of these substances varies enormously, the reaction being 
extremely sensitive to very minute alterations of the conditions, 
such as slight variation of the room temperature or small differences 
of alkali concentration. In a normal reaction, the compound of 
m. p. 143° forms practically the total yield, but sometimes, on the 
other hand, none of this substance can be isolated, only a heavy 
tar being precipitated on dilution of the reaction mixture. In other 
preparations, considerable quantities of pp'-tetramethyldiamino- 
distyryl ketone resulted, even when precautions were taken to 
maintain the conditions as regards concentration as constant as 
possible. It was anticipated that the compound melting at 143" 
would be 4'-dimethylamino-2-hydroxydistyryl ketone, but analysis 
proved it to be, not the free ketone, but an additive product con- 
taining one molecule of p-dimethylaminobcnzaldehyde. Condensa- 
tion experiments were accordingly carried out, using increased 
quantities of o-hydroxystyryl methyl ketone in the hope of obtaining 
the free ketone, but the only effect of this was to decrease the amount 
of the p-dimethylaminobenzaldehyde additive product. Experi- 
ence has shown that the highest yield of this compound is got by 
using 1 mol. of the ketone to 1-5 mols. of the aldehyde, when a yield 
equal to the weight of the p-dimethylaminobenzaldehyde used 
can be obtained. 

On heating this additive compound with benzene, the brick-red 
crystals rapidly undergo change, without complete solution taking 
place, being converted into glistening, puee-coloured crystals 
melting at 154°. This substance is an additive product of the 
hydroxy-ketone with 0-5 mol. of benzene, from which it cannot be 
freed even on long heating at 100°. Repeated crystallisation ol 
this benzene additive product from boiling absolute alcohol ulti- 
mately results in the replacement of the 0-5 mol. of benzene by 
1 mol. of alcohol. Most other solvents appear to act similarly, an 
exception being ethyl acetoacetate, from which the solvent-free 
ketone is obtained 

The table on page 1503 gives a list of typical additive products and 
it will be observed that the colour o£ these varies from yellow ta 
blue, green, and almost black. In certain cases, the most noticeable 
being in the chloroform additive product, chromotropic varieties 
have been isolated. 

The free ketone, which is most readily obtained by heating tt £ 
alcohol additive product at 100°, forms, under these conditions, » 
dull crimson, crystalline pow’der. Other coloured varieties have 
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also been isolated by methods described in the experimental part, 
but the differences in colour are not especially strongly marked, 
and all produce a red streak. That, however, the forms are not 
altogether identical is shown by the fact that, whilst the brilliant 
scarlet variety obtained from ethyl acetoacetate readily combines 
in alcoholic solution with p-dimethylaminobenzaldehyde, the 
reddish-black modification obtained from ethyl acetate-heptane is 
unreactive. It must therefore be concluded that the free ketone 
can exist in different phases, and that these retain their special 
configuration, at least temporarily, even in solution. It con- 
sequently follows that, the addenda must differ to some extent in 
the manner in which they are united to the ketone, and this, we 
consider, determines the colour of the. “ solvate.” 


Addendum. 

Ethyl alcohol 
Ethyl acetate 

Benzene 

Chloroform 

m-Dinitrobenzene 
2:4: 6-Trinitrotoluene 
p-Benzoquinono 
Benzene and acetic acid 
Phenol 

Phenanthrcne 

Fluorcne 

Fluorene and methyl alcohol 
Carbazolo 

p-Dimothylftminobcnzaldehyde 


Composition. 
C 1# H I# 0 a N,C 2 H 8 0 
*iC 4 HA 


/ 


2C, 

c, 


AH, 

4C,H. 

,CHC1 S 
,C 6 H,(NO i ) 2 
,2C 7 H s (N0 2 ) 3 
Ati 4 o 2 

l 0 t N,£C t H a .4C.H 4 0 
# 0,N,C,H c'O'lI 

,ic 19 h w w 

4C] 3 H In ,CH 3 *OH dark red 
,C 12 H,N crimson 

1 brick-red 
\light yellow 


Colour. 

purplish-black 
bluish -black 
almost black 
puco 

\ bright red 
t indigo-bluc 
reddish- violet 
reddish-brown 
greenish -black 
indigo-blue 
bluisli-black 
emerald green 
bright green 


,C,H„ON 


pp '- Tetramethyldiaminodistyryl Ketone .— The presence of this 
substance in the condensation reaction mixture can only be 
accounted for by assuming a complete scission of part of the 
J-hydroxystyryl methyl ketone. In support of this. Decker and 
Fetor (Ber., 1908, 41, 2997) have shown that both 2 : 2'-dihydroxy- 
iistyryl ketone and o-hydroxystyryl methyl ketone, when treated 
with alkali in the heat, are readily hydrolysed to salicylaldehyde 
md acetone. We have confirmed this, and find, further, that 
J-hydroxystyryl methyl ketone is broken up even by cold alkali of 
noderate concentration, the constituents then largely recombining 
0 give 2 : 2'-dihyclroxydistyryl ketone, which crystallises out in 
he form of its sparingly soluble sodium salt. W T e have further 
scertained that, under similar conditions, p-dimcthylaminostyryl 
actliyl ketone gives the corresponding symmetrical pp'-tetra- 
Kthyldiaminodistyryl ketone. A somewhat different type of 
faction is to be recorded in the formation of pp'-dimethoxydistyryl 
■etone by the interaction of o-hydroxystyryl methyl kptone with 
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anisaldehyde in the presence of alkali. Finally, a saturated alcoholic 
solution of the p-dimcthylaminobenzaldehyde additive compound, 
when left to stand in the presence of alkali, readily yields both 
pp'-tetramethyldiaminodistyryl ketone and the substance melting 
at 200°. These reactions seemingly follow the ordinary laws of 
mass action, the tendency in all cases being towards the formation of 
the corresponding symmetrical and usually less soluble derivative 
or its salt. 

Compound Melting at 200°.— As this compound can readily he 
broken down by means of dilute aqueous alcohol in the heat into 
the hydroxy-ketone (m. p. 154°) and salicylaldehyde, experiments 
were accordingly undertaken to synthesise it directly from its 
constituents. By crystallising the free hydroxy-ketone ^from 
salicylaldehyde, deep red prisms, melting unsharply at 135 , arc 
formed, which contain one-half molecule of salicylaldehyde. On 
the other hand, from an alcoholic solution of molecular proportions 
of the constituents, in presence of aqueous alkali, the compound 
melting at 200° separates out. This substance invariably contains 
sodium, but despite innumerable experiments having been carried 
out, no absolutely definite stoicheinmetric relationship between 
the sodium and the other constituents has been established. 
Specimens of the product repeatedly recrystallised from absolute 
alcohol give analytical results which point to a compound containing 
one atom of sodium combined with one molecule of the hydroxy- 
ketone and one-half molecule of salicylaldehyde. That the produc- 
tion of this compound is not due to simple salt formation with the 
hydroxyl group of the salicylaldehyde is readily proved by the 
formation of completely analogous compounds from benzophenonc. 
In absence of alkali, an additive product, melting between 13 t 
and 143°, containing one-half molecule of benzophenone, is pro- 
duced, whereas if sodium hydroxide is present a product which 
melts at 197° and contains approximately one atom of sodium in 
addition to the benzophenone is obtained. We are of the opinion 
that in these two compounds the sodium atom forms part of the 
inner complex (Formula VI), and that by its presence the salicyl- 
aldehyde or benzophenone addendum becomes more firmly 
attached. It is interesting to note that no sodium salt of the 
hydroxv-ketone itself has been isolated. 

4' -Dimeihylamino-2-methoxydistyryl Ketone . — In order to determine 
whether the outstanding properties of the hydroxy-ketone were 
due solely to substitution in the ortho-position or also to the specific 
properties of the hydroxyl group, the corresponding methyl ether 
was prepared. This substance, which can be obtained both in red 
and yellow forms melting at 95°, differs essentially in properties 
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rom the hydroxy-ketone, no longer possessing the power of forming 
dditive products with solvents, aldehydes, p-benzoquinone, etc. 
)n the other hand, it is still capahle of combining with substances 
ontaining strongly negative groups, such as the polynitro-com- 
lounds. 

It is thus evident that the primary cause of the enhanced activity 
xhibited by the hydroxy-ketone is directly due to the presence of 
he hydroxyl group. In attempting to arrive at an explanation 
oncerning this, the possibility of attributing different structures 
o the free ketone and the methyl ether was considered, for it is 
ibviously easy to imagine a rearrangement of the ortho-substituted 
lydroxy-compound either into benzopyrylium bases or into an open- 
hain ortho-quinonoid derivative, as indicated by the following 
ormuls : 


/\/ \CH 




OC 2 H 2 -C 6 HyNMe 2 


OH 

(II) 

/£H. 

\CH 


f\/ CH V 

%/\n /fi'WA 

’ OH 

(HI) 

x OH-CH:C-C,H.,-C,H 4 -NMe 2 
| Y OH 


0 


OH 


(IV.) 


(V.) 


Of these, II, III, and IV can be immediately rejected as not 
harmonising with the experimental results recorded in our second 
communication, where it is shown that (he ketone forms both a 
hydroxylamino-derivative and a hydroxylainino-oximc (this vol., 
b. 1515). Similarly, V would be expected to yield only the normal 
j>xime, but even if such a formula did actually represent the structure 
bf the hydroxy-ketone, the difficulty would still remain, for a spectro- 
yaphic examination of the two substances in alcoholic solution has 
ihown that, in solution, at any rate, they possess identical structure, 
)oth having very similar absorption spectra with two well-defined 
lands at 1/A = 2300 and 3o4G/ip. An explanation must therefore 
le sought in other directions, and this we suggest may be found by 
aking into account, not alone the neutralisation processes advanced 
iy Borsche (loc. cit.), but also the effect of such on the central 
arbonyl group of the crossed conjugated system. According to 
ffeiffer’s theory of halochromy (Annalen, 1010, 376, 285; 1911, 
®3, 92), the more the residual affinity of the carbonyl oxygen 
itom is neutralised, the more pronounced becomes the unsaturation 
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on the carbon atom of this group. Hence, if for any reason, in 
p-dimet.hylaminodistyryl ketone (I), that portion of the residua] 
affinity on the carbonyl oxygen atom not used up in the first complex 
ring formation were to become neutralised, more free affinity would 
appear on C(3) . This process, we suggest, takes place in 4'-dimethyl. 
amino-2-hydroxydistyryl ketone through the formation of a second 
ring system involving the hydroxyl group and carbonyl oxygen 


atom (VI), 

\ (1) (2) (3) 

(4) (5) 

CH,.\ 

^CH : 

w c, v 

CH. 

^CH 

1 Hv j: 

1 i 

l i j 

1 

A_o 0 

/\ ! 

OMe 0 

.../\ 

i ii 

1 II ! 

l| i 

1 1 


%/ f 

V 

\/ 


Mc 2 H "" 


Me 2 TN T 


(VI.) (VII.) 

as a result of which the conjugated linking between C(3) and C(2) 
becomes intensified * at the expense of the cthenoid linking between 
C(2) and 0(1). The final effect of this is to enhance to a very high 
degree the free affinity on the external atom, C(l), of the conjugated 
system and it is at this unsaturated centre that we consider addenda 
become attached in the first place. A similar conclusion has been 
drawn by Reddelien (J. pr. Ghent., 1915, [ii], 91 , 213) from his 
study of the additive products of nitric acid and various aldehydes 
and ketones. Thus, whilst bcnzaldehyde nitrate (A) is very un- 
stable, the nitrate of cinnamaldehyde (B) is comparatively stable 
on account of the intensified partial valency. 

c„h 6 — ch=o--hno 3 C c II 5 -CH=CH— ch=q 

I * HNO, 

(A.) * (B.) 

It'has frequently been observed that where inner complex formation 
is possible the effect only becomes fully operative on the replacement 
of hydroxyl hydrogen by a metallic atom such as sodium. The 
action of alkali on + -dimethylamino-2-hydroxydistyryl ketone may 
also be interpreted as an intensification of the co-ordinated system, 
whereby a still higher degree of unsaturation is attained, with 
consequent greater stability of the partial valency additive products. 

As regards the formation of a heterocyclic ring containing eight 
atoms, which assumption is a necessary deduction from out 
postulates, Werner ( Ber ., 1908, 41 , 1002), in the development- <i 

* The effect docs not art- between C(3) and C(4), as this whole system is it 
a atato of equilibrium, 
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his theory of mordant colours, suggests that the inability of phenyl 
,-hydroxystyryl ketone to form lakes with metallic bases is due 
to the difficulty of obtaining complex ring formation in systems in 
which more than six atoms arc involved. It seems to us, however, 
that in a system where actually only five carbon atoms are involved 
this difficulty is more apparent than real, for it is quite conceivable 
,H. 

that the grouping 6 0— approximates spatially to but one 
carbon atom. The ready transformation of 2 : 2'-dihydroxy- • 
distyryl ketone (VIII), on warming, into dibenzospiropyran (IX) 
(Decker and Felser, lor., cit.) would seem to support this view of 
close grouping. 


/\.ot:ch-c-ch:ch, 

l^/OH o HO 1 


/\ 

\/ 




\_/ 0 0 


\=/ 


(VIII.) 


(IX.) 


In the case of the methyl ether (VII) the valence distribution is 
substantially altered, the methoxy-group having no effect on the 
carbonyl oxygen atom, which consequently still retains a certain 
degree of free residual affinity, enabling the normal reactions of 
that group to become operative. Tn the same way, that the external 
carbon atom, C(l), although not possessing sufficiently enhanced 
free affinity to form subsidiary valence products with all addenda, 
is nevertheless capable of reacting in favourable circumstances, is 
evident from the formation of the additive compounds with dinitro- 
and trinitro-benzene. It is reasonable to assume that in solution 
4'-dimethylamino-2-methoxydistyryI ketone is actually present as a 
solvate additive product. 

This investigation is being extended in other directions, such as 
the examination both of the pvranol salts and the metallic com- 
plexes. At the same time, work is being continued with other 
ketones and aldehydes with the view of obtaining evidence of the 
effect of different substituents in the benzene nuclei. 


Experimental. 

l'-Dimethylamino-2-hydroxydislyryl Ketone + p -Dimethylamino. 
benzaldehyde, 

OH-C 0 H 1 -CH:CH-CO-CH:CH-C 6 H 4 -NMe 2> C 6 H 1 (NMe 2 )-CHO. 

An alcoholic solution containing 1G grams (1 mol.) of o-hydroxy- 
styryl methyl ketone and 22 grams (lffi mols.) of p-dimethylamino- 
bcnzaldrhyde was treated with 80 c.c. of 10 per cent, sodium 
hydroxide (2 mols. of NaOIi). The solution, which immediately 
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acquired a lilood-red colour, was kept at room temperature for 
two to three days and then diluted to 4000 c.c. with water. The 
brick-red, flocculent precipitate which gradually separated was 
filtered off and purified by crystallisation from absolute alcohol. 
The substance was obtained in thick, brick-red prisms, melting with 
vigorous decomposition at 143°. It is moderately soluble in methyl 
or ethyl alcohol or ethyl acetate, but is decomposed by benzene, 
chloroform, or ether. The yield obtained by the above method 
equals the weight of the dimethylaminobenzaldehyde taken, and is 
higher than that obtained when any other proportions of the con- 
stituents are used. The same product can also be obtained in 
shorter time, but in decreased quantity, by carrying out the reaction 
at 40—50°. 

The Yellow Modification.—' This modification can be obtained by 
very gradual dilution with water of an alcoholic solution of the 
ordinary red variety. It has also been observed in certain prepara- 
tions on dilution of the original condensation mixture, but in this 
state it rapidly passes into the red, chromotropic form (Found : 
C = 75-8 ; H = G-9; N = 6-3. Ci 0 H J9 O 2 N,C s H n ON requires 
C = 7C-0 ; H = G-8 : N = 6-3 per cent.). 


i'-Dimeihylamino-Z-hydroxydislyryl Ketone, 

This ketone is exceedingly difficult to obtain in the free state, 
as it very tenaciously retains traces of solvent. It can be best 
prepared by heating the alcohol additive product for four hours at 
100° or by triturating the benzene additive product with dry ether. 
Various other methods, such as recrystallisation from ethyl aceto- 
acetate or precipitation of an ethyl acetate solution with heptane, 
also produce comparatively pure specimens of the hydroxy-ketone, 
although not entirely free from solvent. From the alcohol additive 
product it is obtained as a dull crimson powder melting with violent 
decomposition at 154°. From the benzene additive product, a 
light brick-red powder is formed, whereas from ethyl acetoacetate 
it crystallises in iiny, brilliant scarlet crystals. Black nodules 
giving a red streak we obtained from ethyl acetate solution by 
means of heptane. These different varieties show a distinct varia- 
tion in activity; thus, whereas the free compound from ethyl 
acetoacetate readily unites in alcoholic solution with p-dimethyl- 
aminobenzaldehyde, the black modification, under similar conditions, 
does not react (Found : in product from alcohol, N = 4-79; in 
product from ethyl acetoacetate, N = 4-83 ; in product from ethyl 
acetate, C = 77-4; H = 6-8. C 19 H 15 0 2 N requires C = 77'8; 
H = G-5 ; N = 4-78 per cent.). 
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The ketone dissolves in concentrated sulphuric acid with a deep 
ed colour. On warming with concentrated hydrochloric acid, a 
cd solution first forms, which rapidly changes to greenish-yellow. 
)n gradual dilution of this solution with water, very pronounced 
clour phenomena are observed, the solution first becoming emerald 
teen, then intensely violet, and finally deep indigo-blue. These 
clour phenomena, which are undoubtedly associated with the 
ormation of benzopyrylium salts, are at present under investigation. 

The acetyl derivative is readily prepared by warming the hydroxy - 
ctone with acetic anhydride for two hours and pouring the dark 
reen solution into ice-watcr. On careful neutralisation with 
[ilute alkali, the acetyl compound is precipitated and is finally 
lurified by crystallisation from acetone. It forms well-defined, 
iright-red prisms melting at 153°, and differs essentially from the 
rce hydroxy-ketone, no longer possessing the power of forming 
dditivc compounds with either solvents or aldehydes (Found : 
f = 4*32. C 2l H 21 0 3 N requires N = 4-18 per cent.). 


o-Mcthoxystyryl Methyl Ketone, OMe-CjHj-CHiCH'COMe. 

This ketone was prepared with the intention of condensing it 
nth p-dimethylaminobenzaldehydc to form 4'-dimethylaraino- 
-methoxydistyryl ketone. Harries (Btr., 1891, 24, 3180) failed to 
htain this compound, but we have found that it may readily he 
irepared either by direct methylation of o-hydroxystyryl methyl 
:ctone with methyl sulphate in aqueous alkaline solution or by 
endonsing o-methoxybenzaldehyde with acetone according to 
liaison’s method. It forms pale yellow leaflets, m. p. 50°, b, p. 
,S4°/10 mm. The oxime melts at 127° (Found : N = 7'3o. 
IhHjjOjN requires N = 7-34 per cent.). 


i' -Dimethylamino-- - methoxyd istyryl Ketone, 
OMe*C G H 4 -CH:CH-CO'CH:CH-C 6 H 4 -NMe 2 . 

This compound could not he prepared either by condensation of 
i-methoxystyryl methyl ketone with /j-dimethylammobenzaldehydc 
>r by direct methylation of 4'-dimethylamino-2-hydroxydistyryl 
letone under ordinary conditions. It was ultimately obtained, 
lowcver, in good yield by carrying out the methylation in acetone 
elution. 18-5 Grams of the benzene additive product, dissolved 
a the minimum quantity of hot acetone, were treated with 25 e.e. 
1 10 per cent, sodium hydroxide solution and 8-3 grams (1 mol.) 
if methyl sulphate added in one lot. The mixture was heated for 
ive minutes and then diluted with water to 500 c.c., when orange 
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nodules gradually separated. The substance crystallises from 
absolute alcohol in beautiful bright-red prisms melting at 95 — 96°. 
It is moderately soluble in most organic solvents and, as in the case 
of the acetyl derivative, it separates from these without solvent 
addenda. Although the ether cannot be induced to unite with 
either p-dimethylaminob’enzaldehyde or salicylaldehyde, it combines 
readily with polynitro-hydrocarbons to yield similar additive 
products to those obtained from the parent substance. It dissolves 
in both concentrated sulphuric acid and hydrochloric acid with a 
red colour, which becomes green on dilution, but the intense colour 
changes exhibited by the parent substance do not occur. 

The Yellow Modification . — On rapid recrystallisation from hot 
ethyl acetate, the ether is obtained in long, pale yellow needles 
having the same in. p. as the red form (Found : X = 4-55. 
C 20 H,i 0 2 N requires N — 4-56 per cent.). 


Additive. Products of i'-Dimethylamin o - 2 -hydroxydistyryl Ketone. 

The general methods employed for the preparation of the additive 
compounds are : 

(1) When the addendum is a molecule of a solvent, one of the 
other additive products (the benzene or chloroform compounds 
were generally employed) is crystallised from the required solvent, 
the process being repeated where necessary. 

(2) Where the required addendum is a solid substance, the 
necessary proportions of each component are dissolved together in 
the minimum quantity of hot ethyl alcohol and the solution left to 
crystallise. 

Unless otherwise stated, the melting point is the same as that of 
the free ketone. 

Ethyl Alcohol. — C ls H 19 O 2 N,C 2 H 0 O. This compound crystallises 
as large, purplish-black aggregates of leafy prisms, with a brick-red 
streak (Found : N = 4-08. Calc., N = 4-13 per cent.). 

Ethyl Acetate. — C 19 H 19 0 2 N,IC 4 H 8 0 2 , steely black, glistening 
crystalline mass (Found : N = 4'19. Calc., N = 4- 17 per cent.). 

Bentcne.--C 19 H 19 C' 2 N,C 0 H G . To obtain this compound it is 
necessary to crystallise the hydroxy-ketone slowly from a dilute 
benzene solution. It consists of well-formed, almost black, tapering 
prisms (Found : N — 3-73. Calc., N = 3-78 per cent.). 

The compound C 19 H 19 0 2 N,JC 6 H 6 , which forms a puce-coloured, 
crystalline powder, is obtained by boiling the p-dimethylamino- 
benzaldehyde additive compound with benzene (Found : C = 792; 
H = 6'8. Calc., C — 79'5; H = (Hi per cent,). 

CAforo/onn.-r-CjjHjjOjN.CHClj. — Red form.: — Bright red leaflets 
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with a faint green lustre. This is the isomeride usually obtained 
from chloroform, in which, however, it is only sparingly soluble 
(Found : N = 3-43. Calc., N = 3-41 per cent.). 

Blue form ■' — This modification consists of small indigo-blue 
crystals, and is obtained by rapidly precipitating, with vigorous 
scratching, a solution of the hydroxy-ketone in alcohol and chloro- 
form, with light petroleum. It turns bright red at about 100° and 
n.-verts to the red modification without change in weight when 
exposed to chloroform vapour (Found : If = 3-48. Calc., If = 3'41 
per cent.). 

m-D*'nifro6cM2e)ie.— CjgHjjO^CgHjfNOJj, reddish-violet prisms, 
in. p. 121—122° (Found : N 9-10. Calc, N = 9-11 per cent.). 

s-Trinilrdbenzene.— C 19 H 19 0 2 N,2C 6 H 3 (N0 2 ) 3 , almost black needles 
giving a maroon-coloured streak. M. p. 180° (Found : If — 13-68. 
Calc,, N = 13-64 per cent.). 

2:4- Dinilrotoluene. — C 13 H 13 0„N,C-H s (N 0„) 2 , reddish - violet 
prisms, m. p. 120—121° (Found : N = 8-5. Calc, N — 8-8 per 
cent.). 

2:4: 6-Trinilrotohcne.— Ci 9 H l9 0 2 N,2C,H 5 (N0 2 ) 3 , soft, reddish- 
brown aggregates, m. p. 132° (Found : N — 13-07. Calc, N — 13-1 
per cent.). 

li-Benzoqitinone. — C 10 H 19 O 2 N,C 0 H 4 O 2 , small, greenish -black 
needles with a violet-black streak. It softens at 118° and melts 
completely at 144—145° (Found: C = 74-8; H = 6-1. Calc, 
C = 74-8 ; H = 5-7 per cent.). 

Acetic Acid+Bcnzene.— 2C 18 H 19 0 2 N,JC 6 H 6 ,}C 2 H 4 0 ; , This com- 
pound is prepared by rccrystallising the benzene additive product 
from benzene containing 20 per cent, of glacial acetic acid. The 
additive complex separates from the dark emerald-green solution 
in glistening, indigo-blue prisms (Found : C — 76-8 ; H = 6-8 ; 
N - 4-45. Calc, C = 70-9 ; H = 6-6 ; N = 4-3 per cent.). 

Phenol. — C 18 H 18 O 2 N,C 0 H 5 ’OH. This substance is formed by 
crystallising a solution of the components from a mixture of absolute 
alcohol and light petroleum. It forms large, well-defined, bluish- 
black, rhombic prisms, red in transmitted light, and gives a dull 
red streak. The melting point is indefinite, 120 — 140°, according to 
the rate of heating (Found : C = 77-5 ; H — 6-6. Calc, C — 77-6 ; 
H = 0-5 per cent.). 

Phamnthrene. — C 19 H 19 OoN, 2 C 14 H 1( „ emerald green prisms with 
greenish-black streak. M. p. 122° (Found: C^Sl-3; H = 6-4. 
Calc, C = 81-6 ; H = 6-3 per cent-.). 

Flvorene— C 19 H 19 0 2 N,IC 13 H 1(l . This product is precipitated 
from the alcoholic solution by means of light petroleum and vigorous 
scratching. It forms bright green crystals with a violet-black 
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streak. M. p. 126° (Found : C = 81-3 ; H = 6-5. Calc., C = 81-4; 
H = C4 per cent.). 

Fluorene + Methyl Alcohol. — C 19 H 1 , j O 2 N,1C 13 H 10) CH 3 -OH. The 
compound is obtained by evaporating an ethyl acetate solution of 
the solid components to .dryness and recrystallising the residue from 
methyl alcohol. It forms beautiful, dark-red prisms softening at 
85° and finally melting at 127° (Found : C = 77-7 ; H = 7-0. 
Calc., C = 77-9 ; H — 6-9 per cent.). 

Carbazole. — C 19 H 19 0 2 N,C 12 H 9 N, crimson crystals melting at 14'6 i 
(Found : N = 6-13. Calc., N = 6-08 per cent.). 

p- Dimethylaminobenzaldchyde. — C 19 H 19 0 2 N,C 9 H u 0N. This com- 
pound, which is readily prepared by the general method, melts at 
143° and is identical in every respect with that already described. 

Anisaldehyde . — C, 9 H I9 0 2 N,1C 8 H 8 0 2 , dark purplish-black plates 
with unsharp melting point, 150—154°, and the same violent 
decomposition as the free ketone (Found: N = 4-l. Calc,, 
N = 3-9 per cent.). 

Salicylaldchyde. — C 19 H I9 0 2 N,|C 7 H 6 0 2 . This additive product is 
obtained by employing the aldehyde as solvent and allowing the 
solute to crystallise out. It forms small, deep-red prisms softening 
at 100° and melting finally at 135° (Found : C = 75-9; H = 6'3. 
Calc., 0 — 76-2 ; H = 6-2 per cent.). 

Salicylaldehyde-Sodinm Complex. — When molecular proportions 
of the hydroxy-ketone and salieylaldehydc are dissolved in absolute 
alcohol and one molecular proportion of a concentrated solution of 
sodium hydroxide is added, a red solid rapidly separates. By 
crystallisation from an alcohol-light petroleum solution, the com- 
pound is obtained as a very characteristic mass of felted, orange 
needles which melt at 200°. Analysis of this compound, which 
contains from 2 — 4 per cent, of sodium, docs not reveal any very 
exact stoicheiometric relationship between metal, ketone, and 
aldehyde, although the sodium content agrees comparatively well 
with that of a compound of the formula C 19 H l8 0 2 NNa,JC 7 lI fl 0 2 . 
Repeated recrystallisation from the above solvent mixture brings 
about a gradual decrease in the sodium content, a progressive 
lowering of the melt ag point also being observed. 

If absolute alcohol alone is employed as crystallising medium, 
well-formed, brick-red prisms which melt sharply at 196° are 
obtained. Further recrystallisation of these from absolute alcohol 
produces no depression in the melting point. 

The compound is insoluble in water and is readily decom- 
posed by boiling dilute alcohol, the free ketone being regenerated 
(Found : in the prismatic material, Na = 3-G ; X — 3-74. 
Ci 9 H ls O.,XNa,IC 7 H 6 0.i requires Xa — 3-2 ; N = 3-84 per cent,), 
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Benzophenone. — C 19 H ls O 2 ,iC 13 H 10 O, dark red crystals with a 
distinct blue reflex. M. p. 137—143“ (Found : C - 76-5 ; H = 6-8. 
Calc., C = 76-7 ; H = 6-9 per cent,). 

As it was thought that possibly the sodium of the salicylaldehyde 
additive product had replaced the hydrogen of the phenolic hydroxyl 
group of the aldehyde, similar experiments were carried out with 
benzophenone in place of salicylaldehyde. After the addition of 
the alkali, the mixture rapidly solidified to a crimson mass of felted 
needles, which were first recrystallised from absolute alcohol and 
then from a mixture, of alcohol and light petroleum. The product 
forms soft masses of felted orange needles, very similar in appear- 
ance to the salicylaldehyde-sodium additive product. It melts at 
197°, which is almost the same temperature as the ni. p. of the 
salicylaldehyde product. Results of analysis indicate that the 
sodium content approximates to one atom, calculated for 
C 19 H 18 0 2 NNa,C 13 H w 0 (Found: Na = 4-9; N = 3-39. Calc., 
Na = 5-7 ; N = 3-30 per cent.). Owing to the great difficulty of 
purification, it seems almost impossible to get concordant results 
with different specimens, as the sodium, content can vary within 
wide limits, and this noticeably influences the character of the 
product. It would seem to be definitely established, however, that 
we are dealing here with a novel type of compound, which we hope 
to investigate in detail, and also the effect of other metals. 

’ Curiously enough, no additive products could be obtained with 
aphthalene, anthracene, or s-trinitroanisole. Compounds, which 
/ere not further investigated, were formed with f-pinene, aniline, 
yridine, p-naphthylamine, and numerous other substances. 

Additive Products of i'-Dimethylamino-2-methoxydiatyryl Ketone. 

m-Dinilrobenzene— C 20 H 21 O„N,C 0 H 4 (NO 2 ) 2 , small, dull-red, pris- 
matic needles, m. p. 78° (Found : N = 8-9. Calc., N = 8-85 per 
cut.). 

s-Trmlrobertzene. — C 20 II 41 O 2 N,2C 6 H 3 (NO 2 ) 3 , reddish - purple 
iccdlcs with characteristic bronze reflex. M. p. 118° (Found : 
^ = 13-5. Calc., N = 13-4 per cent.). 

Fission of Substituted Shjnjl Methyl Ketones. 

o-Hydroxystyryl Methyl Ketone (Harries, Ber., 1891, 24, 3180). — 
our grams of the ketone, dissolved in 12-5 c.c. of absolute alcohol, 
fere treated with 4 c.c. (2 mols.) of f>0 per cent, sodium hydroxide 
olution. After two days 1-1 grams of the sodium salt of 2 : 2'-di- 
ydroxydistyryl ketone were isolated. The salt was decomposed 
ud the free ketone identified by its reactions and by the melting 
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point after admixture of a specimen prepared according to Decker 
and Felser’s method (loc. tit.). 

p- Iiimdhylamir, oslynjl Methyl Ketone. — From this substance, 
proceeding in an analogous manner, pp'-tetramethyldiaminodi. 
styryl ketone, m. p. 193°, was isolated ; it was identified by the 
melting point of its mixture with a specimen prepared according to 
Sachs and Lewin (Ber., 1902, 35, 3576). 

pp'-Dimethoxydislyryl Ketone from o-Hydroxystyryl Methyl Ketone 
and Anisaldehyde. — Four grams (1 mol.) of o-hydroxystyryl methyl 
ketone and 6*2 grams {2 mols.) of anisaldehyde, dissolved in the 
minimum quantity of absolute alcohol, were treated with 7 c.c. of 
a 50 per cent, solution of sodium hydroxide (3 mols.). After five 
days, 1-4 grams of almost colourless leaflets were filtered off and 
identified as the above compound by comparison and by the melting 
point of its mixture with a specimen obtained by Baeyer and 
Villiger’s method [Ber.. 1902, 35, 1191). It is interesting to note 
that, starting from p-methoxystyryl methyl ketone and salicyl- 
aldehyde, only resinous matter is produced. Similar results were 
obtained from p-methoxystyryl methyl ketone itself in presence ol 
alkali. 

pp'-Tetramethyldiaminodislyryl Ketone, from o-Hydroxystyr\jl 
Methyl Ketone and p-Dimethylamiuobenzaldehyde. — Sixteen grams 
of o-hydroxystyryl methyl ketone (1 mol) and 15 grams of the 
aldehyde (1 mol.) were dissolved in 170 c.c. of absolute alcohol, and 
80 c.c. of 10 per cent, aqueous sodium hydroxide (2 mols.) added, 
The mixture was kept for eight days at room temperature in cold 
weather. The red needles which had then separated were filtered 
off, and after crystallisation from aleohol-acetonc mixture identified 
by the melting point and by analysis as pp'-tetramethyldiaminodi- 
styryl ketone ; the yield was 5 grams (Found : C = 78-5 ; H —74; 
N = 8-7. Calc., C = 78-7 ; II = 7-5; N — 8-6 per cent.). 

ipp'-Telramelhyldiaminodistyryl Ketone from the Additive Com- 
pound of i'-]}imethylamino-2-hydroxydidyryl Ketone and p-b'i- 
mtthylaminobenzaldehyde. — A saturated alcoholic solution containing 
4 grams of the additive compound was mixed with 2 c.c. of 50 per 
cent, sodium hydro, ide. After six days, T5 grams of a mixture oi 
pp'-tetramethyldiaminodistyryl ketone and a small quantity oi 
the salicylaldehyde-sodium complex of the hydroxy-ketone were 
isolated. 

Condensation of p-Dimethyluminostyryl Methyl Ketone 
with Salicylaldehydc. 

This condensation was canted out in the hope of arriving at a 
more convenient method for the preparation of the hydroxy-ketone. 
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The reaction proved, however, to be very slow and was complicated 
by the slight solubility of the reactants, A considerable quantity 
of tar was invariably produced, from which only small quantities 
of the hydroxy-ketone melting at 154° were isolated, together with 
pp'-tetramethyldiaminodistyryl ketone. 

In conclusion, we wish to express our appreciation of the interest 
taken in this work by Professor E. G. C. Baly, F.R.S., and to thank 
him for placing his spectrophotometer at our disposal. We also 
desire to acknowledge our indebtedness to the Advisory Council for 
Scientific and Industrial Research for a grant which has enabled 
this research to be undertaken. 
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CLXXVIII . — The Reactivity of Doubly-conjugated JJn- 
saturated Ketones. Part II. The. Action of 
Hydroxylamine, Semicarbazide, and Phenyl- 
hydrazine on i’-Dimethylamhw-i-hydroxydislyryl 
Ketone and its Methyl Ether. 

By Isidor Morris Heh.bron and Johannes Sybrandt Buck. 

hr has been shown in the preceding paper that the high degree 
3f reactivity exhibited by 4'-dimethylamino-2-hydroxydistyryl 
ketone may be satisfactorily explained by assuming inner complex 
formation involving the carbonyl oxygen atom and the hydroxyl 
group, the effect of this being to enhance the free residual affinity 
of the external carbon atom of the conjugated system included in 
the complex. In the present paper, further evidence is adduced 
strongly supporting this hypothesis. 

Action of Hydroxylamine . — By the action of hydroxylamine 
lydrochloride upon the hydroxy-ketone in presence of excess of 
ialcium carbonate in the cold, a bright red, labile additive pro- 
luet (I), analogous to the solvates already described, can be 
solated. This additive compound very readily loses its hydroxyl- 
imine addendum, with formation of the free ketone. If, however, 
nore vigorous methods are employed, such as heating the reactants 
a concentrated alkaline solution for a short time, in place of the 
»bile additive product, the true hydroxylamino-derivative (II) is 
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produced in the form of almost colourless needles melting at 218°. 
Finally, an hydroxylamino-oxime (III) can be prepared by the 
action of hydroxylamine acetate on the ketone in the cold, but 
whereas the first two substances are rapidly prepared, this com- 
pound requires several days for its formation. With the methyl 
ether, on the other hand, only an hydroxylamino-oxime is produced. 
It is thus evident that the reaction takes place in successive stages, 
the first being labile addition by means of subsidiary valence 
linkings, followed by the strengthening of the partial linkings, 
finally resulting in the disruption of the double bond. Once this 
has taken place, the doubly conjugated system has ceased to exist, 
and, with it, the anomalous behaviour of the carbonyl group also 
vanishes, and consequently an oxime of the hydroxylamino-com- 
pound is obtained. It is likewise assumed that the reaction with 
hydroxylamine acetate follows the same course, as illustrated by 
the scheme : 


(1): (2) (3) (4) (5) 


I 0 


/\ 


MKN" 

NH'OII 

CH— H,C, 


NH(OH)-H 

,,CH 

He 


fi 

o 


1 1 

(X 


\ 


(complex) 


(h> 

NII’OH 

(JH-CH.s 


C 

ho-M 


(II). (in.) 

Action of Semicarbazide . — The action of this base upon the hydroxy- 
ketone in presence of pyridine or of semicarbazide acetate itself 
results in tiic direct formation of a semiearbazido-scinicarhazonc, 
no intermediate compounds having boon isolated. During tbc 
course of this investigation an interesting paper by Amvcrs has 
appeared {Bcr., 1921, 54, [B], 987) in which it is pointed out that 
the. conclusions arrived at by Rupe and his collaborators (her . , 
1903, 36, 1903; 1907, 40, 4704). that it is only in the aliphatic 
group that semicarbazido-scmicarbazones arc obtainable, must be 
modified. A ewers, starting from phenyl propenyl ketone, p-anisrl 
propenyl ketone, and p-mcthoxy-o-tolyl propenyl ketone, readily 
obtained semicarbazido-scmicarbazones, and concluded that u hereas 
ketones of the type (A), probably owing to their spatial configun- 
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ion, could only form semicarbazones, ketones of the type (B) 
ixamined by him, where the inhibiting influence of the phenyl 
noup i™ 3 removed, were not so restricted. 

’ (A) C 6 H 5 -CIi:CH'COR (B) C 0 H a -COCH:CHR (R = aliphatic 
rroup). 

It is evident, however, from the above, that even compounds 
lontaining the ethylcnic double bond adjacent to the phenyl group 
;an, under certain conditions, react to yield semicarbazido-semi- 
;arbazoncs. Such a condition would be the strengthening of the 
lecessary subsidiary valencies, which effect occurs, according to 
iur postulate, in 4'-dimethylainino-2-hydroxydistyryl ketone, 
l’hat, however, the addition of semicarbazide to an ethylcnic linking 
under normal conditions takes place with more difficulty than the 
lddition of hydroxylamineis illustrated by the action of 4'-ciimethyl- 
irmno-2-methoxydistyryl ketone, which only forms a simple seroi- 
larbazone. We regard this as a direct proof both of the presence 
of increased free valency on carbon atom C (1) and that the carbonyl 
group of the hydroxy-ketone remains inoperative until the complex 
partial valency system has been fundamentally altered by addition 
at the double bond. 

Action of Phmylhydrazive.. — A phenylhydrazone is obtained by 
the action of this base on either the hydroxy-ketone or its methyl 
ether. That, however, this is in no way contrary to the views 
just expressed is indicated by the fact that the reaction only takes 
place in presence of excess of pyridine, and that the phenylhydrazone 
contains, especially in the case of the hydroxy-ketone, one molecule 
lof pyridine firmly attached. It is evident that the pyridine first 
ioriris a “ solvate ” with the ketone, analogous to the action of 
uydroxylamine in the formation of the hydroxylamine additive 
product, and that this occasions a rupture of the ring system, 
which then reacts to yield the phonylhydrazonc-pyridine compound 
n the ordinary manner. Numerous experiments were carried out 
irith the object of obtaining phenylhydrazine derivatives in the 
ibsence of pyridine, but without success, as oils which could not 
>e purified invariably separated out. There can, however, be 
ittle doubt that such oils actually contained the phenylhydrazino- 
dditive product analogous to the hydroxylatuino-compound. 

Experimental. 

didin Product of i'-DimcIhylamino-l-hydroxydistyrijl Ketone with 
U’Jtlmyhmine, OH-CjIVOHicH-CO-CHiCH-CjHj-x'lIc^NIh'OTI. 

2'S Grams of the ketone (benzene additive product) were t reated 
i alcoholic solution with 1-1 grams of ail aqueous solution of 
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hydroxylamine hydrochloride, and the mixture, after being 
neutralised with powdered calcium carbonate, was immediately 
filtered, On dilution with water, the additive product rapidly, 
separated as bright scarlet flocks, from which the hydroxyl- 
amine addendum was easily removed by keeping over concen- 
trated sulphuric acid (Found : on immediate analysis, N = 8-4. 
C 19 H 19 0 2 N,NH 2 -0H requires N = 8-6 per cent. Found : after 
two days in exsiccator, N = 4-7. C 19 H 19 0 2 N requires N = 4-8 
per cent.). 

Hydroxylamino-derivative of 4'-IHmethylamino-2-hydroxydistyryl 
Ketone. 

8-4 Grams of the ketone-chloroform product, dissolved in 15-0 c.c. 
of 30 per cent, potassium hydroxide solution (4 mols.), were treated 
with 5-5 grams of hydroxylamine hydrochloride dissolved in 40 c.c. 
of water, and 20 e.c. of alcohol added to the mixture. The whole 
was boiled for a few minutes, when the solution changed colour, 
becoming orange-yellow. The hvdroxylamino-compound rapidly 
separated and was purified by repeated crystallisation from absolute 
alcohol. It forms almost colourless needles, melting with decom- 
position at 218° (rapid heating). It is somewhat sparingly soluble 
in most organic solvents, and is slowly decomposed on boiling with 
hydrochloric acid or aqueous alkali (Found : C = 69-6; H = 6-9; 
N = 8-5. C 19 H 22 0 3 N 2 requires C — 69-9 ; H = 6-8; N= 8-6 per 
cent.). 

Hydroxylamino-derivative of 4'-Dimethylamino-2-hydroxydistyryl 
Ketoxime. 

8-2 Grams of the ketone-chloroform product, dissolved in 50 
c.c. of alcohol, were treated with 3 mols. of hydroxylamine acetate. 
The mixture was allowed to stand for three days, and the hydroxyl- 
amino-oxime precipitated by dilution with water. The dark tarry 
product was repeatedly crystallised from alcohol, after decoloration 
with animal charcp'h Tt forms pale yellow, silky leaves, which 
darken above 200° and finally melt with decomposition at 212 
(Found: C = 60-7 ; H = 70; 14=12-3. CjjHjjOjNj requires 
C = 66-9 ; H = (i-7; N = 12-3 per cent ). 

Hydroxylamino-derivative of 4'-Dimefhjlamino-2-mefhoxydislyryl 
Keloxime. 

2-8 Grams of hydroxylamine hydrochloride (4 mols.), dissolved 
in the minimum quantity of water, wore added to a solution of 
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3*1 grams of the methyl ether dissolved in 15 c.c. of pyridine. 
The mixture was kept for live days, and then diluted largely with 
water, when a yellow, oily mass was precipitated. After recrystal- 
lisation from a mixture of alcohol and pyridine, it W'as obtained in 
glistening, colourless needles melting at 214°. This compound 
may also be obtained by an analogous method to that employed 
in the preparation of the hydroxylamino-oxime of the hydroxy- 
ketone, a less favourable yield, however, being obtained (Found : 
C = 67-3; II = 7-3; N = 11-9. C, 0 H 2; ,O 3 N 3 requires C — 67-6; 
H = 7-1 ; N = 11*8 per cent.). 

Semicarbazide Derivative of 4'-Dimclhylamino-‘>-hydroxydistyryl 
Ketone Semicarbazone, 

NH-NH-OO-NH,, 

OH-C 6 H 4 -CH-CH 2 -C(:N-NH-CO-NH,)-CH:CH-C 8 H 4 -NMe 2 . 

4-0 Grams of the ketone (chloroform additive product), dissolved 
in 20 c.c. of pyridine, were mixed with 5-0 grams of seinicarbazide 
hydrochloride dissolved in 15 c.e. of water, and 15 c.c. of alcohol 
were added in order to form a homogenous solution. After the 
mixture had been kept for two days, the Hocculent, slightly red 
precipitate of the somicarbazide-semicarbazone was filtered off, 
and recrystallised from a mixture of aniline and amyl alcohol. It 
forms an almost colourless powder, melting at 218°, which is very 
sparingly soluble in most organic solvents, but is somewhat soluble 
in aqueous pyridine and readily soluble in warm aniline. This 
substance has also been prepared by the usual method with serni- 
carbazide acetate (Found: 0 = 59-0; 11 = 6-9; N — 22-8. 

C sl H 27 0 3 N 4 requires C = 59-3; H = 6-4; N = 23-1 per cent.). 

I 

Semicarbazone of i'-Dimethylamino-i-metho.cydistyryl Ketone. 

Three grams of an alcoholic solution of the methyl ether were 
mixed with an excess of scmicarbazide acetate. After standing 
for two days, the precipitated semicarbazone was filtered off, and 
freed from unchanged methyl ether by washing with boiling 
alcohol. The semicarbazone, after recrystallisation from chloro- 
form, forms brilliant yellow leaves melting at 213° (Found : N = 
15-3. C 21 H 21 0 2 N 4 requires N = 15-4 per cent.). 

Pyridine Additive Product of i'-Dimethylamino-i-hydroiydistyryl 
Ketone Phenylhydrazonc. 

16-4 Grams of the chloroform additive product of the ketone 
were dissolved in 50 c.c. of pyridine, and 17 grams (3 mols.) of 
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phenylhydrazine hydrochloride added. The mixture was heated 
for thirty minutes on the water-bath, after which it was kept at 
the ordinary temperature. On cooling, the whole solidified to a 
yellow mass, which was redissolved in a small quantity of pyridine. 
Addition of ethyl acetate caused the separation of a small amount 
of a yellow substance readily soluble in water, but this was not 
further investigated. The ethyl acetate was driven off and the 
residue allowed to crystallise after the addition of alcohol, den 
grams of the hydrazone were thus obtained as a yellow, crystalline 
mass melting at 141°. On repeated crystallisation from benzene, 
the melting point gradually rises, which effect must be due to the 
gradual removal of the pyridine, as the substance melting at 141 
can again bo obtained by one re-crystallisation from alcoholic 
pyridine. No accurate analytical results could bo obtained for the 
compound of higher in. p., hut it was indicated that the pyiidiuc 
addendum was being partly replaced by benzene. None of the 
compounds gave the Knon* pyrazolinc reaction (Found . C 78 U. 
H = 6-8; N = 12-1. C 25 H,-ON„ requires 0 = 77-9; H- Co; 
N = 12 - per cent.). 

Phenylhydrazone of i'-Dimeihylamino-'2-melhoxydistyryl Ketone. 

3-1 Grams of the methyl ether were dissolved in 1 3 o.o. of pyridine 
and treated with 4-3 grams (3 mols.) of phenylhydrazine hydro- 
chloride. After heating for one hour on the water-bath, a pale 
yellow oil, which rapidly solidified on standing, separated out, 
and was recrystallised from alcohol-pyridine mixture. The phenyl- 
hydrazone forms pale yellow clusters, melting at 127°, readily 
soluble in pyridine, but only slightly soluble in alcohol. The 
results of analysis show this compound to he a pyridine additive 
product (Found : C — 78-0; H — 7-0. C2 6 H 27 ON 3} G 5 H 5 N requires 
C - 78-i ; H — C-7 per cent.). On recrystallising this compound 
from absolute alcohol, the pyridine is removed. The free phenyl- 
hydrazone consists of lemon-yellow prisms melting at 154°. This 
compound, as well as that obtained from the hydroxy-ketone itself, 
exhibits an intense greenish-yellow fluorescence in dilute solution 
(Found : N -= 10-7. C 20 H 2I ON 3 requires N = 10-6 per cent.). 

In conclusion, we desire to express our thanks to the Advisory 
Council for Scientific and Industrial Kesearch for a grant which 
has enabled this investigation to be undertaken. 


Department of Organic Chemistry, 
The University or Liverpool. 
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CLXXIX. — Surface Tensions of Salts of the Fatly 
Acids and their Mixtures. 

By Eiuc Everard. Walker. 

Those salts of the fatty acids which arc useful soaps lower Ihe 
surface tension of water to an altogether abnormal extent ; a study 
of the surface tension of soap solutions is therefore of very special 
interest. The object of the present paper is to examine this property 
under a variety of conditions and thereby to learn something of 
the changes which take place in solution when the temperature or 
concentration is varied or when one soap is wholly or partly 
replaced by another of the same or a nearly related series. 

It was believed that the information so gained would lead 
to a better understanding of the manner in which different soaps 
interact in solution to produce an effect on the surface tension 
which is either greater or less than would be expected from the 
proportions in which the constituents are present. 

The results have to a large extent justified expectations, in that 
a theory primarily advanced in order to explain the manner in 
which surface tension varies with temperature, concentration, 
and the number of carbon atoms, has been found capable of explain- 
ing the behaviour of mixed soaps in solution. 

Measurement of Surface Tension. 

The surface tension was measured with a simple form of dropping 
pipette. It is not claimed that the results obtained are of absolute 
value, and in fact it was found that different pipettes gave different 
results. It is, however, well known that the apparent surface 
tension of soap solutions depends to a very marked extent on the 
exact conditions under which it is determined. All that can be 
claimed is that the conditions were carefully standardised so that 
the results might be of comparative value. The pipette and receiver 
were completely immersed in a constant-temperature bath, necessi- 
tating a simple device outside the water-bath for regulating the 
rate of flow. This consisted of a U-tubc connected with the upper 
end of the pipette and litted with a tap on the longer arm. Water 
was allowed to flow from the longer arm into the shorter at a regulated 
speed, thus allowing the soap solution to flow’ out of the pipette 
at a similar rate. 

The required quantity of acid was weighed out, dissolved in 
ileohol, and neutralised with an alcoholic solution of sodium 
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hydroxide. This was evaporated, the residue dissolved in water 
and the solution made up to the required weight. The water 
used was redistilled and the first and last thirds were rejected. 
The alcoholic sodium hydroxide solution was made up by dissolving 
sodium in alcohol redistilled over lime. All concentrations were 
expressed in terms of the number of grams of acid per 100 grams 
of solution. 

Solutions made up in this way could be kept unchanged for a 
day or so. If the alcoholic sodium hydroxide solution is made up 
with ordinary stick sodium hydroxide, progressive rise in the surface 
tension takes place, noticeable after an hour or so. The effect of 
keeping solutions made as described is shown in the following 
table. 

Surface Tension in dynes per cm . 

Laurate. Myristafce. Palmitate. 

Freah solution 29*2 10’8 19' 8 

After four hours at 60° 29’2 19*7 19'8 

After twenty-four hours at 60° 29" l 19'5 I9‘9 

After eight days at room temperature .. . 29 - 9 19’7 20-2 

The soap solution, which had been kept at the required tempera- 
ture for fifteen minutes or longer, was drawn up into the pipette, 
taking care to avoid air bubbles. The regulating U-tube and the 
receiver were then attached and the apparatus was placed in the 
water-bath. Five minutes were allowed to elapse before the determin- 
ation was made, in order that the temperature might become uniform. 

The soap solution was then adjusted to the top mark on the 
pipette, approximately 2 c.c. were run out drop by drop at a rate 
of 20 drops every minute, the flow being stopped at the first complete 
drop after the 2 c.c. mark had been passed. The pipette was 
calibrated to read to 0'01 c.c. between 2*0 c.c. and 2T c.c. The. 
volume was then reduced to grams for the purpose of calculation. 

Twenty drops every minute was chosen as the rate of flow. A 
much slower rate has its advantages, especially in the case of soap 
solutions, but it was considered unsatisfactory in the present 
instance on account of the tendency of moisture to condense on 
the jet and drop at h ; gh temperatures, and of the probability that 
unsaturated soaps would interact with the atmosphere. 

All surface tensions were calculated with reference to the drop 
number of water determined with the same pipette, at the same 
temperature as that used for the determination of the soap solution 


Effect of Concentration. 

In this manner the surface tensions of several salts of the fatty 
acids were determined at concentrations varying from 0 005 per 
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Table I. 

Surface Tension at G0° in dynes per cm. 

Conoentra- Stearate 

tion. Laurate. Myristate. Pulmitate. (impure). Arachidatc. Oleatc. 


0*005 

04*0 

04*0 

04-2 

65-7 



65-7 

o-oi 

01*3 

54*7 

42-2 

52-0 

-- 

46-9 

0-025 

54*9 

39*2 

20-0 

32-5 

— 

28-0 

0-05 

45-9 

20*9 

21-85 

26*7 

65-3 

23*75 

0*075 

41*1 

22 *5 

20-95 

24*4 

— 

22-95 

0-1 

3 S -0 

21*2 

20-5 

23-9 

61-0 

22-55 

0-15 

— 

20-3 

19*95 

— 

— 

— 

0-2 

29-2 

20*0 

19*85 

22*4 

56-9 

— 

0-25 

— . 

21-2 

— . 

— 

— 

— 

0-3 

24-5 

— 

20-7 

22-5 

— 

— 

0-4 


23-9 

22-3 

— 

50-7 

— 

0-5 

21-2 

— 

— 

23-1 

. — 

— 

0*75 

26-5 

— 

— 

231 

— 

— 

1-0 

28-3 

26-4 

23-65 

23-6 

— 

— 

15 

29*3 

. 









2-0 

29-4 

— 

— 

— 

— 

— _ 

ent. to 1 

•0 per 

cent. The 

standard 

temperature chosen 

was 60°. 

’he results (mean values) arc given 

in Tabic I. 

In Fig. 

1 these 


esults are represented graphically. The concentration is repre- 
ented by the abscissae and the lowrrin g of the. surface tension (water = 
6'f) dynes/cm, at 60°) by the ordinates. 

The palmitic acid was impure. It had the correct equivalent, 
jut contained about 7 per cent, of oleic acid and melted at 58 — 59 s . 
[he stearic acid was a commercial sample. It contained only 
i'5 per cent, of oleio acid, but about 40 per cent, of palmitic acid. It 
ras, however, suited to the present purpose, since the pure soap 
s only soluble to the extent of 0'2 per cent, at 00°. The remaining 
rids were practically pure. With the exception of “ stearic acid,” 
lowever, they all give a good idea of the general trend of the curve, 
t is interesting to note that this impure soap follows closely the 
ontour of the palmitate curve, although it contains a preponderating 
reportion of stearate. This will be referred to later in the section 
n mixtures. The interesting point about these curves is that 
L ey tend to rise to a maximum and that this maximum is almost 
* same for all soaps the solubility of which is great enough to 
low the maximum to be reached. This is very suggestive, and 
idicates that at this point the surface layer of all soaps is similar, 
tobablv it consists of a stable emulsion containing a high per- 
eatage of soap. 

i bring carefully purified materials, the initial part of the curve 
as redetermined. Special care was taken over these determina- 
pns, since it is at these low concentrations that different soaps can 
st be compared with one another. For instance, it is scarcely 
VOL. cm. 3 G 
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fair to compare a 0'2 per cent, palmitate solution with a 0’2 per cent 
laurate solution, since the former has reached its maximum whit 
the latter has not. At a concentration of O'o per cent., sodiuu 
laurate would appear to be more effective than either myristap 
or palmitate. As the tip of the pipette had been damaged, it was 
necessary to use a new one, and as this gave different results from 
the old one, the results are not directly comparable. Two completely 


Fig. 1. 



independent series of measurements were made, except in the ease 
of sodium araehidate, and the mean values are given in Table II. 


Table II. 

Lowering o' Surface Tension at 60° in dynes per cm. 


Water— 6(>'0. Pipette No. 3. 


Concen- 

«.-Octo- 

if -Deco 


Myrist- 

Palmit- 

Stear- 

Araehid- 

Bohen- 

tration. 

ate. 

ate. 

Laurate. 

atc. 

ate. 

ate. 

ate.* 

ate. 

0005 

— 

— 

4-7 

5-4 

2-5 

o-o 



— 

0-01 

— 

— 

01 

10-3 

201 

1-3 

— 

' — 

0-025 

— 

— 

103 

34-3 

44‘8 

22-0 

2-3 

— 

0-05 

— 

— 

20-7 

44-0 

48-4 

34-4 

3-(i 

- 

0-075 

-- 

— 

32-8 

47-5 

40-3 

30-9 

4-0 

— 

01 

1'55 

6-4 

36-2 

48-9 

500 

37‘7 

8-1 

H 


* Single scries of determinations only. 
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Curves are plotted in h'ig. 2'. The interesting part about these 
curves is the first inflection in the early part of the curve, and the 
significance of this will he considered in the section on theory. It 
should be pointed out that sodium stearate does not form a clear 
OT per cent, solution like sodium myristate and lauratc ; the solution 
has at 60° a curious opalescent appearance, due, no doubt, to the 
presence of colloidal particles. Bearing in mind McBain’s work 


tic. 2. 



a the proportions in which colloidal soap is present in solution, 
seems probable that this phenomenon may be due to partial 
ydrolysis. 

Effect of Temperature. 

The temperature coefficients of the surface tensions of pure 
(puds have led to results of great theoretical significance. In 
lie case of solutions and mixtures, however, conditions are much 
lore complex and theory has not made milch headway. 
i Kg. 3 illustrates forcibly the effect of temperature in the ease of 
Mium arachidate. At 0U V , it lowers the surface tension only 

3a2 
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to a very small extent; at 90°, however, the whole contour of the 
curve is altered and becomee similar to that of sodium stearate 
at G0°. 

The full line hi the 60° curve represents the behaviour of a per- 
fectly fresh solution. The dotted line indicates the surface tension 
of a solution which has been kept at a temperature of 60° for some 
time and has partly gelatinised. 


Fig. 3. 



(IT 0-2 0-3 0-4 0-6 


Fatly acid per cent. 

Table III. 

Temperature Curves. — Pipette Xo. 3. 

Myrist- Paimit- Steal-- Arachid- lichen- 


Temp. 

Oleate. 

Laura te. 

Laurate. 

ate. 

ate. 

ate. 

ate. 

ate. 


0-1% 

0-5®C 

0-1% 

0-1% 

(H% 

0T% 

0T% 


15° 

51*1 

51‘8 

22-0 







. 



30 

50-58 

51'55 

32-75 

41-0 

_ 



0-5 



45 

49-4 

49-65 

3515 

500 

41 3 

252 



60 

47-7 

48-0 

36-45 

48-5 

49-3 

38-7 

8-6 

1-8 

75 

45 15 

45-75 

32-75 

46-23 (43-25) 47 0 

47-2 

31-6 

no 

90 

421 

41-9 

21-9 

40-2 (38 

•2) 44-4 

44-6 

36-3 

28-2 






T= 

82-7° 35-1 



In Table III data obtained at various temperatures are recorded, 
and curves are plotted in Eg. 4. In general, the extent to which 
the surface tension is lowered increases to a maximum with the 
temperature, and then decreases. Sodium oleate either shows no 
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maximum or more probably it is below 15°. In most eases, the 
temperature at which the maximum occurs riseB with the molecular 
weight, but the behaviour of sodium laurate is exceptional. At 
a higher concentration (0'5 per cent.), however, the laurate curve 
becomes almost identical with the 01 per cent, oleatc curve, and 
t bus falls more or less into its place. Sodium oleate itself is interest- 


Fig. 4. 



ng, and differs from all the other soaps at 0'1 per cent, concentration 
n that its efficiency in lowering the surface tension remains high 
>ver a wide range of temperature. 

Effect of Molecular Weight. 

The manner in which the effect of the salts of the fatty acids 
>n the surface tension of water changes from member to member 
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of the series is remarkable when we consider the gradual way in 
which most properties change as an homologous series is ascended. 
Just as in the case of temperature and concentration, the activity 
of the soap rises to a maximum, after which an increase in the mole- 
cular weight is associated with a decrease in the activity of the soap. 
The curves in Fig. 5 show' how the effect on the surface tension 
varies with the number of carbon atoms under various conditions. 

Mixed Soaps. 

Solutions of 0'1 per cent, strength were made up as usual and the 
surface tension of these was determined. The solutions were then 
mixed in various proportions and the surface tension of the mixtures 


Fin. 5. 



determined. The results arc recorded in Table IV. In Fig. G 
the results are represented diagrauimatically by plotting the devi- 
ations from the “ mixture law against the composition of the solu- 
tion. If a series of mixtures follows the “ mixture law," that is, 
the surface tension of all mixtures is equal to the weighted mean 
of that of the constituents, the curve then becomes a horizontal 
straight line as in the ease of palmitate and myristate or pahuitate 
and oleate. The majority of mixtures are, however, represented 
by curves falling either above or below this hypothetical line. 

Theoretical. 

It has been shown that molecular weight, temperature, and 
concentration all exert an effect on capillary activity which rises 
to a maximum and then decreases. From this it would appear 
that there must be some condition of equilibrium between two forms 
of soap present in solution, and that if this equilibrium is disturbed, 
cither in one direction or the other , by changes in temperature or 
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concentration (or by substituting another soap of greater or smaller 
molecular weight), the property of lowering the surface tension 
(or interfacial tension) will be greatly diminished or will disappear. 

These facts can be explained and a foundation for the theory 
of soap mixtures laid if we regard soap in aqueous solution as con- 
taining colloidal aggregates or “ micelle ” in equilibrium with 
simpler molecules. This view has long been advocated by McBain, 
who arrived at this conclusion in order to explain the osmotic 
behaviour of soap solutions in relation to their electrical conductivity. 

It may he assumed with reason that the equilibrium between 
these colloidal aggregates and the simpler molecules is affected by 
temperature and concentration in much the same manner as is the 
equilibrium between complex and simple molecules. 

Thus dissociation is promoted by : — 
increase in temperature, 
decrease in molecular weight, 
decrease in concentration ; 
and association is promoted by : — 
decrease in temperature, 
increase in molecular weight, 
increase in concentration. 

It should be remembered that on account of the lowering of the 
surface tension the solution is more concentrated in the surface 
layer. In the case of those soaps lowering the surface tension to 
i large extent, there must be some circumstance which facilitates 
the concentration of tho soap in the surface layer. This is to be 
found in the readiness with which they form complex colloidal 
molecules. According to McBain, there are only immeasurably small 
quantities of colloidal soap in dilute solutions. At the surface, 
however, under the influence of high concentration and high pressure, 
conditions are suitable for the formation of large colloidal aggregates. 
The lowering of the surface tension tends to hold these at the surface 
against their osmotic pressure. This osmotic pressure is, however, 
small and the surface concentration is therefore abnormally great. 

To bring this theory into line with facts, we must assume that 
very large micelle are not so active, weight for weight, in lowering 
tho surface tension of soap solutions as those of moderate size. 
Therefore, if the size of tho colloidal aggregates is increased beyond 
a certain limit, there is a falling off of efficiency, even although the 
surface concentration may remain high. Such an assumption is 
reasonable in view of the fact that the special forces active in the 
surface layer only penetrate beneath the surface to an extent 
depending oil the range of molecular action (see Parks, Phil. May., 
ltlUo, [vi], 5, 517). Therefore, when the colloidal particles reach 

3 u* 
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dimensions which arc large in comparison with molecular magnitudes, 
a falling off in efficiency must necessarily be expected (Lewis claims 
that emulsions of paraffin in aqueous solution have little or no effect 
on the interfacial tension. Phil. Mag., 1908, [vi], 15, 499). Hence 
wc have the following system : — 

Small micelle efficient in . Large micelle inefficient in 

lowering the surface ten- ] lowering the surface ten. 

sion, hut difficult to chain I ! sion, but easy to chain 

to the surface on account i ] to the surface on account 

of their relatively high j [ of their relatively low 

osmotie'prcssure. ; , osmotic pressure. 

It may bo assumed that the highly efficient soaps, such as palmitate 
and myristate, are those in which surface concentration and specific 
activity are so combined as to give a maximum value. Those of 
lower molecular weight are less efficient because the relatively 
high osmotic pressure of the small micelle hinders the formation 
of a high surface concentration. The higher homologues readily 
form large micelle, which, having a low osmotic pressure, arc easily 
adsorbed in the surface layer. Nevertheless, one would expect 
that the surface concentration of stearate, arachidatc, and bchenate 
would bo progressively less than that of palmitate on account cl 
the decreased activity of the larger micelle. There is, however, 
every reason to suppose that the surface concentration of these 
soaps is much greater than that of the “ nut oil ” soaps, which lower 
the surface tension to a corresponding extent (see p. 1522). 

Milner (Phil. Mag., 1907, [vi], 13, 96) and Lewis (Phil. Mag., 
1908, [vi], 15, 499; 1909, [vi], 17, 406) examined the relationship 
between surface tension and surface concentration for a variety 
of solutions in the light of Gibb’s theory. Both authors grafted 
oil to this theory the assumption that the solutions with which 
they were dealing followed the gas laws, and found that the majority 
of substances were very much more concentrated in the surface 
layer than the theory thus modified would lead them to expect. 
Lewis found that CVigo-red was about thirty times and sodium 
oleate about one hundred times more concentrated in the surface 
layer than the theory required. McBain’s work has proved that 
the gas laws cannot be applied to such substances in concentrated 
solution, and their theory was not therefore applicable to these 
cases, for the concentration is high in the surface layer, even although 
small in the body of the solution. Lewis explained the apparent 
discrepancy by assuming that gelatinisation takes place in the surface 
layer. No special hypothesis is required, however, if McBains 
theory of col'oidal electrolytes is accepted. 
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(a) Relationship between Surface Tension and Concentration. 

When the soap solution is extremely dilute, the concentration 
in the surface layer will be sufficiently small for the soap to consist 
mainly of simple molecules. As the concentration is increased, 
complexes will increase in the surface layer, slowly at first and then 
with increasing rapidity. The more complexes are formed the 
smaller will be the work required to be done by surface tension 
against the osmotic pressure in order to concentrate the soap in 
the surface layer. 

McBain’s work has shown that the osmotic pressure rises fairly 
rapidly with the concentration until a maximum is reached, and 
that it then falls slightly, thereafter rising much more slowly. As 
soon as the point is reached at which an increase in concentration 
is associated with an actual decrease in osmotic pressure, followed 
by a region in which the osmotic pressure rises slowly with the con- 
miration, a very rapid increase in the surface concentration must 
necessarily follow. One would therefore expect that the surface 
concentration would at first increase slowly with the volume 
concentration and then with increasing rapidity. 

These expectations arc realised in the early part of the concen- 
tration curves (see Fig. 2), and, moreover, this first inflection becomes 
more marked as the molecular weight (and therefore the tendency 
to form complexes) increases. 

The occurrence of a maximum in the surface-tension curve is 
explained by the hypothesis that the efficiency of the colloid 
particles falls off as their size increases, hence the whole form of the 
concentration curve is in qualitative agreement with the require- 
ments of theory. 

The form of McBain’s concentration-osmotic pressure curves 
shows that there are in certain circumstances three concentrations 
laving one and the same osmot io pressure. 

Since surface tension is so intimately connected with osmotic 
iressure, it would not he surprising to find that for one and the 
ame volume concentration there could be more than one surface 
:ension. This appears to be the case for sodium myristate at 75° 
ind 90°. The readings were as follows : — ■ 

Drops iiei- gram. Drops per gram. 

75 “ 112 00 “ 84-5 

111-5 84 

94-5 101 

96-5 105 

113 103 

112 103 

in another series of five readings for a temperature of 75° and 
'sing another pipette, only one high reading was obtained 



1334 WALKER : SURFACE TENSIONS OF SALTS OF THE 

Attempts to obtain either the one reading or the other by approach- 
intr the temperature from above or below met with no success. 
The phenomenon is therefore different from that observed in the 
case of arachidio acid. Moreover, gelatinisation was not observed 
and would not be expected at this temperature. 


( b ) Temperature. 

The theory is in harmony with the fact that there is an optimum 
temperature for every soap and that in general this rises as the 
homologous series is ascended. This optimum temperature appears 
to have some connexion with the melting point of the acid It 
seems not unreasonable to suppose that at the melting points , of 
the acids, the corresponding soaps exist in approximately similar 
molecular states so far as their tendency to form complexes is 
concerned. 

(c) Mixed Soaps. 

There are three ways in which mixed soaps might be expected 
to behave in dilute solution. 

in The soaps might act independently, each constituent lowering 
the surface tension to an extent corresponding with its individual 
concentration. In this case, owing to the form of the concentration 
curves, almost any mixture would be much more efficient than a 
single soap, weight for weight. Mixtures would not be expected 
to behave in this way unless they were very dilute both in solution 
and in ike surface layer. It would not, therefore, be in accordance 
with the theory, and is not, in fact, found to be the case. 

(2) The soaps might form mixed complexes at the surface having 
properties intermediate between those of the constituents. If 
these mixed complexes in the surface layer contained the constituents 
in the same proportions in which they were present in solution, 
one might expect that the resultant lowering of the surface tension 
would be approximately the weighted mean of those of the con- 
stituents at the combined concent ration of the mixed soaps, that is, 
the mixed soaps would apparently follow the so-called mixture lan. 
There is, however, no reason to suppose that two different soaps would 
be adsorbed to the same extent, in the surface layer either in tin 
form of mixed complexes or otherwise. Hence it is only in the case of 
mixtures of soaps lowering the surface tension to approximately tie 
same extent that one would expect the mixture law to be followed. 

Thus, for instance, the three pairs : — 

Myristate and palmitatc at (i()°. 

Oleate and myristate „ „ 

Oluate and palmitatu ,, ,, 
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follow very closely the mixture law (see Fig. 6). At 45°, however, 
palmitate lowers the surface tension to a much smaller extent than 
luyristate. Accordingly, at this temperature the mixture law is 
not followed. Laurate and stearate also lower the surface tension 
to about the same extent; they are, however, very dissimilar in 
other respects, the form of the concentration curves being very 
different. Mixtures of these two soaps do not follow the mixture 
law. It is, therefore, reasonable to suppose that in these circum- 
stances the complexes formed do not possess properties intermediate 
between those of the two constituents. 

(3) The majority of soap mixtures come under the third head, 
the capillary activity of the mixtures being related in no simple 
manner to that of the constituents. Having shown that the mixture 
law holds fairly closely under certain conditions, the simplest plan 
is to regard all mixtures not following this law as lowering the surface 
tension by so much more or so much less than the law would indicate. 
The behaviour of mixtures is therefore represented graphically 
on this plan in Fig. 6, From what has been said in the preceding 
paragraph one would expect that that soap which is most readily 
absorbed in the surface layer would have the predominant effect ; 
in what follows such a soap will be called a dominant soap. As a 
general rule this soap will be the one which lowers the surface 
tension to the largest extent. This is not, however, necessarily 
the case, since the lowering of the surface tension depends on two 
factors : — 

(1) Concentration in the surface layer. 

(2) Specific activity of the soap in the surface layer. 

If the dominant soap lowers the surface tension more than the other, 
mixtures of the two will have a lower surface tension than the mixture 
law would indicate. If, on the other hand, the dominant soap 
lowers the surface tension to a smaller extent than that with which 
it is mixed, the reverse is to be expected. All the mixtures hitherto 
examined, with the exception of laurate and stearate, conform to 
this rule if the soaps arc regarded as dominating each other in the 
order of the following empirical list : — ■ 
jPalmitate-C 16 
' Ideate 

2. Stearate-C ls 

3. Arachidate C 20 

4. Hchcnnte t 

5. Myristate-C'^ 

C. Laurate-Cj 2 

7. n-Decoate-C 1(] 

8. w-Octoate-Cjj 
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This list, although empirical in a sense, is nevertheless in harmony 
with the theory put forward in this paper, which requires that the 
adsorptive powers (or the tendency of the soap to concentrate 
at the surface) shall increase to a maximum as the homologous 
series is ascended and then decrease. A very interesting example 
of the way in which one soap can almost completely dominate another 
in the surface layer is the case of laurate and arachidate. Arachid- 
ate lowers the surface tension by 8‘6 dynes, and laurate by 34'3 
dynes, nevertheless, when 75 per cent, of the arachidate is replaced 
by laurate the extent to which the mixture lowers the surface tension 
is only increased to i» 0 dynes. With regard to the form of the curves 
in Fig. C, theory indicates that the greatest deviation from the mix- 
turn law should occur when a small quantity of the dominant soap 
is mixed with a large quantity of the other, that is, the peak of the 
curve should always be displaced towards that end of the diagiam 
corresponding with low concentrations of the dominant soap. This 
is so in nearly every case investigated, even in the somewhat 
exceptional case of "laurate and stearate. Mixtures of decoat* 
and octoate are the only exceptions in this respect. 

The exceptional behaviour of mixtures of laurate and stearate 
indicates that the principles enunciated cannot be applied absolutely 
rigidly. They cover perhaps the most important aspect of the 
problem, hut when the difference in the adsorptive power is large 
and the difference between the capillary activities is small, as in 
the ease of this pair, then these effects may lie masked by secondary 
changes. Evidence of such changes is also found in the case of 
mixtures of oleato and stearate, and decoate and octoate, where 
certain mixtures lower the surface tension to a greater extent than 
either of the constituents. 


Summary of Results. 

The activity of various salts of the fatty acids in lowering the 
surfhee tension of water has been examined at various concentrations 
and temperatures, and the manner in which this activity varies 
with changing conditions has been explained on the basis of McBain s 
theory of soap solutions. 

Only one additional hypothesis has been found to be necessary, 
and this is to the effect that the lowering of the surface tension 
is not solely proportional to the concentration in the surface layer, 
hut that it depends also on the size of the colloidal particles. 
McBain’s theory, together with this hypothesis, suffices to explain the 
following facts. 
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(1) Soaps lower the surface tension of the water in which they 
ire dissolved to an altogether abnormal extent. 

(2) In an homologous series of soaps the power of lowering the 
urface tension first rises with increasing molecular weight and 
,hen falls after passing through a maximum. 

(3) In general, the property of lowering the surface tension rises 
o a maximum as the temperature is increased and then falls off. 

(4) The property of lowering the surface tension increases slowly 
ivjth the concentration at extreme dilution, then rises rapidly and 
ifter passing through a maximum decreases again. 

(5) When soaps are mixed in solution, the extent to which they 
ower the surface tension cannot be determined from the properties 
if the constituents. By means of the theory it is possible, as a rule, 
:o determine whether a mixture of any two soaps will lower the sur- 
'ace tension more or less than the weighted mean of the constituents. 

In conclusion, the author desires lo acknowledge the permission 
jf Messrs. Joseph Crostield and Sons, Ltd., to publish this paper. 

Kmnr, 

India. [Received, May 12th, 1921.] 


CLXXX. — OTtho-Chhwdinitrotoluen.es. Part III. 
Bases derived from 2-Chloro-A : 5-dinitrotoluenc. 

By Gilbert T. Morgan and William Arthur Percival 

ClIALLENOR. 

2-Chloro-4 : 5-dinitrotoluene, described in Part I of this com- 
munication (T., 1920, 117, 786), gives rise to G-chloro-3 : 4-tolyIene- 
diamine, an exceptionally stable orfAo-dianiine, which, when starting 
from o-toluidine, can be prepared by methods giving an overall 
yield of about 33 per cent. On this account the base can with 
advantage be substituted for o-phonylenediamine in those conden- 
sations where a diamine is employed in the characterisation of 
a-diketones or ortho-quinones. With these dicarbonyl compounds 
the new diamine gives rise to well-defined, readily erystallisable 
derivatives. 

As an example of condensation with monocarbonyl derivatives, 
the interactions of 0-chloro-3 : 4-tolylenediamine and formaldehyde 
"ere examined in neutral and in acid solutions. Under the former 
of these conditions two dimeric hydrolysahle condensation products 
h’fre obtained, each of which had the composition corresponding 
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with lelramelhylenebis-G-Moro-S : 4 -! oh/len edlonnn r . The possibility 
of isomerism is indicated by the following formulae I and Ia. 


CH. 

cli 


/\/ N \ 


-CH, 


CH, 


\/\ N / 


-CH,- 


/ N \/\ch 
ch 2 | le 3 


cn/y^N 


(I.) 


CH 

(II.) 


CH 3 f / X/ N \- 

cil 


CH, 


CH, 


cir, 

(Ia.) 




/ \/\ C i 

CH, | | U 


^CH 3 


ch/V \ 


I'X- 


CII, 


CH 


(ill.) 


In acid solution, the formaldehyde condensation takes a different 
course, the monomeric non-hydrolysable 5-chloro-l : b-dimelhyl 
benziminazole (ITT) being produced. This amidine is also obtained 
by condensing H-cMoro-SN-mdhyl-3 : 4-iolylencduiniine with formic 
acid, an alternative method of preparation which demonstrates its 
constitution. 

The amidine condensation proceeds normally also with 6-chloro- 
3 : 4-tolylenediamine and its 3A'-phenyl derivative, the constitution 
of the resulting methenyl compounds being represented respectively 
by formulae II and VI. 


Action of Ammonia on 2-Chioro-i : 5-dinitrotohiene. A Correction. 

Attention has been directed in Part I of this communication 
(T., 1920, 117 , footnote, p. 789) to a discrepancy in the melting 
points of two different preparations of 6-chloro-4-nitro-m-toluidinc>. 
The product obtained by the action of alcoholic ammonia on 2-chloro 
4 : 5-dinitrotoluene melted at 144°, whereas the substance previously 
obtained by nitrating 6-chloro-accto-?n-toluidide melted at 158- - 
.159° (B.A.S.P., D.R.-P. 226772). 

It has now been found that the more fusible product is a mixture 
of approximately 73 per cent, of 6'Chloro-4-nitro-?n-toluidine and 
27 per cent, of 6-ealoro-3-nitro-p-toluidine (m. p. 165°). This 
mixture retains its composition on repeated crystallisation from 
alcohol, petroleum (b. p. 80 — 90°), or glacial acetic acid, and has 
the appearance of being a homogeneous substance. A similar 
difficultly separable mixture of dinitrotoluidines has been observed 
by Korner and Contardi (Atti R. Accad. Lined , 1916, [vl, 25 , ii, 
339). 

This observation is of some theoretical interest as illustrating 
Kenner s theory of the replacement of nitro-groups by amino- 
radicles (T., 1914, 105 , 2717; 1920, 117 , 852). In the present 
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istanee the two nitro-groupa are alternatively removed in the 


Plowing proportions. 


ch 3 

CH, 

/> < 

Ad 

73 per cent. 

no 2 ^ ) 

no 2 

no. 

rn. p. !58°. 



NOi 


CH 3 

Of* 

/ 

NH, 

. p. lor,». 


Experimental. 


O-Chloro-3 : 4-toIylenediamine was readily prepared by the 
plowing scries of reactions. Redistilled o-tolnidine, nitrated in 
incentrated sulphuric acid, gave a mixture of 4- and G-nitro-o- 
iluidincs, which was separated by fractional crystallisation of the 
yrlrochlorides ; the yield of 4-nitro-o-toluidine was 75 per cent., 
liilst about 2 — 5 per cent, of the 6-nitro-isomcride was isolated 
om the more soluble fraction (Noelting and Collin, Ber., 1884, 
7, 2G5; Green and Lawson, T„ 1891, 59, 1013). Application of 
be Sandmcyer reaction to the chief product gave an 80 per cent, 
icld of 2-chloro-4-nitrotoluene. Nitration of the chloro-derivative 
irnishcd 2-chloro-4 : 5-dinitrotoluene (85 per cent.) and upwards 
f 4 per cent, of 2-chloro-4 : 6-dinitrotoluenc. The dinitro-compound 
as converted quantitatively into crude 6-chloro-4-nitro-m-tolu- 
iine (yield 97 per cent.) by alcoholic ammonia and this base 
educed to 6-chloro-3 : 4-tolylencdiamine (yield 85 per cent.) with 
iuc dust and dilute alcohol containing ammonium chloride 
r„ 1920, 117, 786). 


Condensation of Q-Chloro-3 : l-tolyieuediaviine with a -Dikeiones and 
ortho -Quinones. 6(7)-CWoro-2 : ?>-dijihenyl-7(G)-mtthyIqmn- 

oxaline (Formula IV). 


CH. 

c'i 


\ 


ocv.il 


/x ^ / n=c-co 2 h 


(IV.) 

Three grams of benzil and 


,2H,0 


CH/ 

C \/\ 

x n-c-co,h 

(V.) 

grams of 6-chloro-3 : 4-tolylenedi- 
l m ‘ ne dissolved in 30 c.c. of glacial acetic acid were heated at 
■00“ for fifteen minutes, when white needles separated, the solution 
Jecoraing nearly solid when cold. The product, when crystallised 
iom alcohol and glacial acetic acid, separated in colourless needles 
netting at 148'5° and developing a red coloration with concentrated 
lulphuric acid (Found : N - 8-52. C 21 H 15 N 2 C1 requires N = 8-47 
» cent.). 
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This quinoxaline derivative dissolved readily in hot petroleum 
(b. p. 80—100°), and was very soluble in benzene or chloroform, 


Gn)-CUoro-’l(6)-methylquinM(diM-2 : 3-dicarboxylic Acid 
(Formula V). 

. Potassium dibydroxytartrate (3-6 grams) was added slowly to a 
boiling solution of 6-ehloro-3 : 4-tolylenediamine (2 grams) j, 
160 c e of water and 40 c.c. of alcohol. The faintly red solution 
was then acidified with concentrated hydrochloric acid, when * 
pale green, crystalline precipitate separated. This product was 
redissolved on boiling after the addition to the mother-liquor of 
200 o c of water. The pale greenish-yellow needles deposited from 
solution after filtering off a green by-product were recrystallised 
from water containing a small amount, of alcohol and hydrochloric 
acid when the substance melted at 173° with decomposition (Fount] : 
N =’ 0-41 ; HjO - 12-05. C n H 7 0 4 N 2 Cl,2H ? 0 requires N = 9-2«; 
JJ Q ^ 11.90 per cent.). The hydrated acid lost water at 110 D , 
the anhydrous residue melting at 165°. Concentrated sulphuric 
acid developed an orange coloration. 




C N C h/ N A 

/ v-f, n 2\ I 

C V x n /! 


I 


Two grams of the diamine dissolved in 200 c.c. of 50 per cent, 
acetic acid were added slowly with vigorous shaking to a solution 
of 2 grams of | 3 -naphthaquinone in 140 c.c. of 75 per cent, acetic 
acid. " The gelatinous precipitate which separated was crystallised 
from benzene, when the azine separated in brownish-yellow crystals 
with purple reflex, or from glacial acetic acid, when the product 
was obtained in brown needles melting at 213° (Found : N - 10-28. 
C 1 ,H 11 N 2 C1 requires N = 10-06 per cent,.). 

This azine developed an intense purple coloration with con- 
centrated sulphuric acid. 


('i('])-C'liloro-1( l $)-m£thylcamp}tfinoquino.raHne, 

,C(CH 3 )-CH 2 

f: 1 I 3>C 6 H 2 <^ _ 9 / C(CH 3 ) 2 1 . 

(1 6 8 N=C\ I 32 l 

X CH CH 2 

Equal weights of camphorquinonc and G-chloro-3 : 4-tnlylenc- 
diamine were boiled together in 15 per cent, alcoholic solution for 
a {ew minutes. The product precipitated by water was purified by 
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ipeated crystallisation from dilute alcohol. This quinoxaline 
,rmed colourless needles melting at 124° and developing with 
jneentrated sulphuric acid a yellow coloration (Found : X = 9-92. 
17 H 19 N 2 C1 requires N = 9-77 per cent. ; 0-4177 in 12-8 c.c. of 
lcoholie solution in a 1-dem. tube gave « D + 0-91°, whence [ct] D -f 
7 - 9 °, corresponding with [M] u -f 80°. 


Interaction of C>-Chloro-3 : i-tdylenediamine and Formaldehyde. 

1. In Neutral Solution. 

Six c.c. of 40 per cent, formaldehyde solution, rendered neutral 
-ith two drops of iV-sodiuni hydroxide, were added slowly to a 
jlution of 3 grains of G-chIoro-3 : 4-tolylenediamine in 20 c.c. of 
oiling alcohol. After two or three minutes a precipitate appeared 
nd spread throughout the liquid. This solid product, crystallised 
ipeatedly from benzene, gave colourless, diamond-shaped crystals 
lelting at 225°, the yield being 82 per cent. (Found : N = 15-05. 
IjHjNjCI requires N = 15-52 per cent. Khullioscopie determination 
i benzene gave M — 305-1, 369-6. C 18 H 1S N 4 C1 2 requires M = 
61-2). These results confirm the dimeric formula T or Ia for the 
nbstancc. 

Telranwthyhnebfc-2-cMoro-4 : b-diaminotoluene has the properties 
f a Scliif! base and regenerates formaldehyde on warming with 
cids. The alcoholic mother-liquors from the foregoing Sehiff base 
pere diluted with water and the solution was extracted with ether. 
The residual oil from the ethereal extract deposited slowly a colour- 
ess solid which, after crystallisation from water, sublimed at 170° 
Bid melted completely at 175°. The compound, which is isomeric 
pith the preceding substance, also undergoes hydrolysis with 
iquentis acids, liberating formaldehyde (Found : X — 15-54. 
theory requires N = 15-52 per cent ). 


2. In Acid Solution. o-Chloro-1 : Q-dimethylbenzimiiiazok 
(Formula III). 

Concentrated hydrochloric acid (7 c.c.) and 40 per cent, form- 
.ldehyde solution (10 c.c.) wore added successively to 5 grams of 
l-c-hloro-3 : 4-tolylenediamine dissolved in 30 c.c. of alcohol ; the 
ivdrochloride of the diamine was precipitated and then redissolved 
md the resulting brown solution heated under reflux for thirty 
brautes. The cooled solution was rendered alkaline with dilute 
iqurous sodium hydroxide and the oil extracted with ether. The 
ithcreal extract dried over potassium carbonate was distilled until 
| pale yellow oil passed over at 340—345°, which became solid 
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and was then crystallised from benzene and light petroleum when 
white needles were obtained melting at 154 ° (Found : N — 15 - 52 , 
(' H N Cl requires N = 15-52 per cent. Ebullioscopie determination 
IfSTU M = 203, 192. W 2 C1 requires M = 180-6), 
The benziminnzole dissolved readily in alcohol or chloroform, but 
was almost insoluble in ether or light petroleum. 


5-CMoro-6-meihylbenziminazok (Formula II). 

0 Chloro-3 ' 4 -tolylenediaminc (5 grams) was heated for two 
hours at 100“ with 5 c.c. of 80 per cent, formic acid; the ba# 
dissolved to a brown solution, which solidified on cooling Phis 
product which was the formate of the mcthenyl base, yielded this 
amidine’ on treatment with aqueous ammonia. The amidine, who, 
crystallised from hot water, separated in colourless needles melting at 
189° (Found : N = 16-85. C a H,N 2 Cl requires N = 16-82 per cent ). 

The amidine dissolved readily in ether, alcohol, acetone, or hot 
water, hut was almost insoluble in cold chloroform, ^he formal,, 
prepared by adding formic acid to an ethereal solution of the base, 
separated from water in white, filamentous needles melting at 
135“ (Found: N = 13-23. C 9 H 9 0 2 N,CI requires N = 13-13 pa 
cent.). 

CH, 

/\ a 

C-CWoi-o-3N -melhyl-3 : Uohjkntdiamme, ch 3 -Nh1^ / 1 

nii 2 

This compound was prepared by digesting 2-chloro-4 : 5-dinilio- 
toluene with alcoholic methylamine (this vol., p. 189) and by 
reducing the resulting 6-chloro-4-nitro-2V-methyl-TO-toluidinc (1 
grams) with 5 grams of 80 per cent, zinc dust in 100 c.c. of boiling 
alcohol (75 per cent.) containing 0-8 gram of ammonium chloride, 
This reduction was completed by refluxing for one hour with the 
turther addition of 4 grams of zinc dust. The diamine separated 
slowly in pink needles on pouring the cold filtered solution into 
500 c.c. of water . ontaining 5 grams of sodium hydroxide (yield 
75 per cent.). Owing to its great solubility in ordinary solvents 
the base was purified by sublimation in a vacuum, when colourless 
arborescent needles were obtained melting at 60° (Found : N = 
16-55. CgHjjbLjCl requires N — 16-43 per cent.). 

When heated above its subliming point, this diamine became 
red and then changed into a dark bluish-purple decomposition 
product, sparingly soluble in water and dissolving readily in alcohol 
or mineral acids. 



ortho-chlorodinitrotolubnes. PART III. 


1543 


Action of Formic Acid on 6-Chloro-3$-methyl-3 : i-tolylenedi- 
iminc. — Equal parts of the diamine and concentrated formic acid 
ivere refluxed for two hours and the solution was rendered alkaline 
ivith ammonia. The solid product, which was somewhat dis- 
coloured, was crystallised repeatedly from benzene and identified 
is 5 -chIoro-l : 6-dimethylbenzimmazole (m. p. 154°). 

Action of Formaldehyde on 6-CUoro-‘iJil -methyl-3 : i-lolylenedi- 
imine—In Neutral Solution.— The addition of 6 e.c. of 40 per cent, 
•ormaldehyde neutralised with two drops of N -sodium hydroxide to 
1 grams of the diamine in 20 c.c. of alcohol led to a condensation 
jroduct, which separated as a non-solidifying oil on dilution with 
rater and was extracted witli ether. As this oily material was 
lot crystallisable from organic media, it was distilled, when at 
140° a yellow oil was obtained which set to a yellow solid. This 
iroduct, crystallised repeatedly from benzene, proved to be 5-chloro- 
[ ; 6-dimethylbenziminazole, melting at 154“ (formula III). 

In Acid Solution.— To 3 grams of the diamine dissolved in 15 e.e, 
if aloohollwere added successively 4'2 c.c. of concentrated hydro- 
jhloric acid and 6 c.c. of formaldehyde solution ; the hydrochloride 
if the base separated and redissolved, the mixture becoming 
ippreciably warm. After refluxing for thirty minutes, the mixture 
vas rendered alkaline ivith potassium hydroxide, extracted with 
ither, and the extract dried over potassium carbonate. Dry 
lydrogen chloride was passed into the dried ethereal solution, 
vlicn a tarry impurity separated and subsequently a crystalline 
liliydrochloride. This salt, washed with cold chloroform to remove 
loloured impurities, crystallised from the hot solvent in colourless 
lrcdlcs melting with decomposition* at 140° (Found: N= 1049. 
-ioHi 5 N 2 01 3 requires N = 10-40 per cent.). 

The base could not he liberated by ammonia, but when freed 
vith potassium hydroxide and crystallised from ether or petroleum 
b. p. 80 100°), was obtained from the latter in colourless, rhom- 
loiilal plates melting at 100° (Found : N = 13-20, 13-10. 
yi 13 N 2 Cl,H 2 0 requires X = 13-00 per cent.). 

ihese results correspond with the following formula) for base 
■ill dihydrochloride respectively : CH 3 -C , 6 H,Ci:[X(CH 3 )]. i :CH.„H o 0 

iid cHj'C 6 h 2 ci:[N(oh 3 )] 2 :ch 2 ,2hci. 


O'ChloroA-phenyl-G-mcthylbenziminazole , 


/N(C g H.) 

ch/Y \ 
u \/'w CH 


(VI.) 


-’-Cliloro-4 : 5-dinitrotolucne was converted successively into 
i-chloro-4-nitro-A T -phcnyl-m-toluidinc and 6-chloro-3A r -pheuyl-3 : 4- 
olylencdiamine (this vol., p. 190). This diamine was refluxed 
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for an hour with an equal weight of concentrated formic acid 
The solution, which solidified on cooling, was rendered ammoniacal, 
the solid product was crystallised first from alcohol with addition 
of animal charcoal and then repeatedly from petroleum (b. p. 80^ 
90°). The amidine separated in colourless needles melting at 100° 
(Found : N — 11-81. C 14 H U N 2 C1 requires N = 11-55 per cent.). 

[With F. R. Jones.] 

C-C hi or o-i-n itr o-m-f olui din e, m. p. 158 — 159°. 

Preparation of G-Chloro-m-loliddine. 

1 . From 2-Chloro-5 : 6-dinitrotoluenc. — This dinitro-compound 
was converted successively into (i-chloro-3-nitro-o-toluidine and 
2-chloro-o-nitrotolueno (Morgan and l)rew, T., 1920, 117 , 737). 
This nitro-compound on reduction yielded 6-chloro-m-toluidine 
(m. p. 85°). 

2. From p-ToluenesuIphon-o-toluidide. — o-Toluidinc w<# converted 
into its p-tolucnesulphonyl derivative (in. p. 108°); 20 grams of 
the latter suspended in 50 e.c. of water at 60° were treated with 
20 c.c. of nitric acid (I) 14), the mixture being stirred at 60 — 70° 
for three to four hours. The product rccrystalliscd from alcohol 
was p-toluenesulphon-5-nitro-o-toluidide (m. p. 172°). If the fore- 
going temperatures arc exceeded, further nitration occurs, so that 
after hydrolysis the product contains 3 : 5-dinitro-o-toluidine 
(m. p. 208°) and a small amount of 3-nitro-o-toluidine. The mono- 
nitrated amide (10 grams) was dissolved in 60 c.c of concentrated 
sulphuric acid on the water-bath. The cooled solution, when 
poured into 200 c.c of water and rendered alkaline, yielded 5-nitro- 
o-toluidine, which was recrystalliscd from hot water (m. p. 130°). 
This base, when put through the Sandmeycr reaction with cuprous 
chloride, gave 2-chloro-o-nitrotoluenc, which on reduction yielded 
6-chloro-)«-tohiidinc. 


A ilntli'. ■ of 6-Cfdoro-acelo-m-loluidide. 

6-Cliloro-m-toluidine (2 parts) was heated for one hour with 1 part 
of acetic anhydride mixed with an equal weight of glacial acetic 
acid. The acetyl derivative, when crystallised from petroleum, 
melted at 92°. hive grams of this acetyl compound were added 
slowly to a mixture of 4 c.c. of nitric acid (D 1-40) and the same 
volume of fuming nitric acid (D 1-50). After sixteen hours, the 
solution, when [toured into water, gave an oil solidifying very 
quickly to a golden-yellow solid, which, after crystallisation from 
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alcohol, melted at 113°. One gram of this acetyl compound was 
dissolved in 6 — 8 c.c. of concentrated sulphuric acid by raising the 
temperature cautiously to 130°. After being maintained for a few 
minutes at this temperature, the solution was cooled and poured 
into 250 e.c. of water, when an orange-yellow nitro-base was 
obtained, the precipitation being completed by the addition of 
ammonia. After crystallisation from alcohol 6-chloro-4-nitro-m- 
toluidine separated in yellow prisms melting at 158 — 159°. 


Mixed Melting Points of 6-Chloro-i-nitro-m-lolmdine and 6-Chloro- 
3-nitro-p-toluidine. 

G-Chloro-3-nitro-p-toluidine (m. p. 165°) was prepared by the 
following processes : nitration of o-toluidine, conversion of 4-nitro- 
s-toluidino into 2-chIoro-4-nitrotoluene, reduction to 6-chloro-p- 
toluidine, nitration of 6-ehloro-aceto-p-toluididc, and hydrolysis of 
the nitro-product. 

Mixed pelting points were taken with mixtures of the two 
isomeric bases with the following results : 

PcrrenUffo of tho 
more fusible base 
(158-5°) io tho 

mixture ... 100 00 80 70 60 00 40 30 20 10 0 

Mfltin" point of the 

mixture . . . 15S-5 0 1W5 8 148 ° 143-5° 1 10-5° 13U-5° 13U° 111“ 147'5° 156° 1645^ 

It is evident that tho preparation melting at 144° recorded in 
Part I of this communication [to c it.) is a mixture consisting 
approximately of 73 per cent, of G-chloro-4-nitro-wt-toluidine and 
27 per cent, of b-chloro-3-nitro-p-toluidinc. This conclusion was 
confirmed by talcing mixed melting points of a mixture of the 
pure bases in the foregoing proportions with the preparation 
uniting at 144°; the observed melting points were 143-5 — 146° 
and 144 — 146°. This constancy of melting point indicated identity 
of composition in the two mixtures, whether obtained by mixing 
the pure isomerides or by acting on 2-chloro-4 : 5-dinitrotolucne 
with alcoholic ammonia. 

60hloro-4-nitro-»i-toluidmc from 6-chluro-wi-toluidiuc was 
methylated and pilienylated under the experimental conditions 
described in Part II of the communication (this vol., p. 189 — 190). 
The melting points of the products, 6-chloro-4-nitro-A'-methyl-«i- 
toluidine and 6-chloro-4-nitro-A r -phenyl-m-toluidinc, were 126° and 
86° respectively, showing that these compounds arc identical with 
the chief products of the action of melhylamiue and aniline on 
2-chloro-4 : 5-diuitrotoluene. 


The authors desire to express their thanks to the Advisory 
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Council of the Department of Scientific and Industrial Research 
for grants which have partly defrayed the expenses of this 
investigation. 

The Chemical Department, 

University ov Birmingham, 

Ed gb aston. [Received, August 1921.] 


CLXXXI.— Non-aromalic Diazonium Salts. Part V II. 

The Diazo-reaction in the. isoOxazolc Series. 

Bv Gilbert T. Morgan and Henry Burgess. 

4-Amino-3 : 5-dimethyusooxazole has been shown recently (this 
vol., p. 697) to give rise to diazonium salts comparable in stability 
with those derived from aniline and its homologues. TBe reactions 
of 3 : 5-dimethyli«ooxazole-4-diazonium chloride have now been 
examined further with the object of ascertaining to what extent 
the isooxazolediazonium salts can be used as synthetic agents. 

Non-aromatic azo-dcrivatives are obtainable by couph'ng the 
diazonium salt with the p-diketones and p-ketonic esters. 


3 : 5-Dime.thylifiooxazole-l-azo-acelylacclonc, 
OCMe_. ,COMe 

->c-n:n-ch<^ 


NiCMe- 


"COMc' 


One gram of 4-amino-o : 5-dimethyltsooxazole in 5 e.c. of con- 
centrated hydrochloric acid was cooled in a freezing mixture and 
diazotised by adding slowly 0-7 gram of sodium nitrite ; the diazu- 
solution was then added to one gram of acetylacetone in 8 c.o. of 
13 per cent, aqueous sodium hydroxide. The precipitation of the 
lemon-yellow azo-derivative was completed by salting out (yield 
80 per cent.). After several crystallisations from alcohol, the 
compound was obtained in well-defined, yellowish-orange, hex- 
agonal prisms melting at 115-5 — 116-5° (Found: N = 10-05. 
C 10 H 13 O 3 S 3 requires In = 18-83 per cent.). 

3 : o-IMmdhylisoomzolc-4-azo-acetylacelone was very soluble in 
cold aqueous caustic alkalis, hydrochloric acid, glacial acetic acid, 
and the ordinary organic media excepting light petroleum; ii 
dissolved sparingly in hot water, but was insoluble in cold water. 
On warming, it reduced Folding's solution and gave neither colour 
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caction with ferric chloride nor copper salt with neutral copper 
cetate. 


i-Diazoamino-3 : S-dimethyli&ooxazole, 


A diazo-solution prepared as above from one molecular pro- 
lortion of the aminofsooxazole hydrochloride was added to an 
queous solution of the base (1 mol.) and sodium acetate (5 mols.). 
’he pale brown product, precipitated completely by adding sodium 
hloride. was crystallised from a mixture of equal parts of acetone 
nd light petroleum, from which solution the diazoamine first 
eparated in colourless, transparent, hexagonal prisms which did 
[Ot change if removed from the solvent. If left in contact with 
he mother-liquor, however, for several days, these prismatic crystals 
hanged into small, opaque, white octahedra. Both forms of the 
liazoamine molted at 170 — 180° (Found : N = 29-93; C = 51 05 ; 
1 = 5-70. C m H 13 0 2 N 5 requires N = 20-77 ; C = 51-02 ; H = 5-57 
xt cent.). 

i-Diazoamino-3 : 5-dimethylisooxazok was soluble in the ordinary 
irganic media excepting light petroleum ; it dissolved in hot water 
>r in aqueous caustic alkalis, and was rcprccipitated from the latter 
:iv acids. It was very stable towards hydrolytic agents, and was 
iot decomposed by cold concentrated hydrochloric acid. 

hoDicuo-reaction . — A cold solution of 3 ; 5-dimethyh'sooxazole- 
t-cliazonium chloride (0-7 gram) was added slowly to 7 grams of 
sodium hydroxide in 6 c.c. of water. A reddish-pink precipitate 
appeared, but redissolved to a deep red solution, the temperature 
rising to 20°. This solution coupled with alkaline 3-naphthol only 
in the course of several hours, but if first cautiously acidified it 
coupled immediately. The alkaline solution slowly lost its coupling 
poncr and on passing carbon dioxide into this solution a brown 
oil separated, which no longer coupled even after acidifying. 


i-Iodo-3 \ 5-dimelh.ylhooxa-.olr, 

As the chloro- and bromo-isooxazolos appeared to he oily sub- 
stances like the 4-triazo-compound ( luc . cit., p. 782), the iodo- 
(Wivative was prepared in order to demonstrate the replacement 
of the diazo-group by a halogen. The diaznnium sulphate from 
1 gram of aminodiinethvh’moxazole was added to 7 grams of 
potassium iodide in'10 c.c. of water. Rapid effervescence occurred 
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and a reddish-brown oil separated having an odour like that of 
iodoform, hut more lachrymatory. After two hours, the mixture 
was distilled in steam and the distillate freed from iodine by sodium 
hydroxide. 

A-Iodo-Z : 5-dimHhyliaooxazole, when purified by repeated dis- 
tillation in steam, separated in very pale yellow needles melting 
at 52-5—54° (Found: 1 = 57-47. C 3 H 6 ONI requires 1 = 56-93 
per cent.). 

This iodo-derivative was very soluble in ether, acetone, chloro- 
form, or benzene, but less soluble in alcohol or hot water. It was 
extremely volatile, distilling in the vapour of acetone, and when 
left for four days over sulphuric acid about one-third of the pro. 
paration had volatilised. It was accompanied by a small amount, 
of less volatile by-product separating in golden-yellow needles 
melting at 181—182° and containing no iodine. When pure, 
4-iodo-3 : 5-dimethyhsooxazole is only faintly odorous, although 
distinctly irritant to the eyes. 


4-Hydrazino-3 


O-CMe 

: 5-dimethylisaomzolp, 


>C-NH-NH 


2 ' 


To n cold solution of 3 : 5-dimcthyh',900xazole-4-diazonhmi 
chloride prepared from 2 grams of the base were added 11 grams 
of stannous chloride dissolved in 8 c.c. of concentrated hydrochloric 
acid. A yellow, frothy precipitate, which first appeared, redissolved 
on stirring to a yellow solution, which was cooled to — 5°. The 
solution was made alkaline with sodium hydroxide and the hydr- 
azine extracted with chloroform. This extract, when dried over 
sodium sulphate and evaporated at the ordinary temperature, 
left a pale green solid melting at 65 — 72° and having a strong odour 
resembling that of dimethyb.sooxazole. In subsequent experiments 
the viscous residue from the chloroform was dissolved in alcohol 
and warmed on the water-bath with p-nitrohenzaldehyde (1 mol.), 
The resulting hydrazone separated as a brick-red precipitate and 
was crystallised from i-.cohol in garnet-red, highly refractive prisms 
having a tough resinous fracture and melting at 183 — 184° (Found : 
N = 21-33. C 12 H 12 0 3 N 4 requires N = 21-53 per cent.). 
i-'p-Nilrobenzylidenchydrazino-H : 5-dimelhylisooxazole, 


O-CMe. 




/“\ 


NO,, 


was soluble in ether, alcohol, chloroform, benzene, or acetone. 
A dilute solution of the hydrazone in the last of these solvents 
assumed an intense greenish-blue colour on the addition of con- 
centrated aqueous sodium hydroxide; this coloration, which is 
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irobably due to the formation of a highly coloured sodium salt of 
he type [C 5 H 6 ON]*N.H*N.C.C fi If 4 .NO , ONa, is destroyed by acids 
.nd even by carbon dioxide or water. 

: Attempts to replace the diazonium group by cthoxyl or hydroxyl 
fid not lead to the expected result. In the latter case about 
10 per cent, of a solid product was obtained crystallising in colour- 
ess, transparent plates or lath-like needles melting at 139—140° 
Found : N = 25-49, 25-50 per cent,). This substance, which 
contains approximately the same amount of nitrogen as the original 
iminodimethylisooxazole, was also obtained in an attempt to 
replace the diazo-complex by a sulphinic group. 


Summary. 

1. The foregoing experiments, in addition to those of the earlier 
communication (foe. «'?.), show that the diazonium group, wiien 
attached to an foooxazolo ring, is replaceable by the halogens and 
by the triazo-group, but not by hydroxyl, cthoxyl, or sulphinic 
irnups. 

2, In alkaline solutions an unstable foodiazo-compbund is pro- 
ceed. 

3. Reduction of the diazonium c-hloridc leads to an unstable 
f.hydrazmodimcthylfoooxazolo. 

4, fsoOxazolediazonium salts couple with bases to form diazo- 
amino-derivatives and with phenols and p-diketones to yield 
mixed aliphatic-aromatic and non-aromatic azo-derivatives' re- 
spectively. 


The authors desire to express their thanks to the Advisory 
Coimcil of the Department of .Scientific and Industrial Research 
for grants which have partly defrayed (he expenses of this 
investigation. 

The Chemical Department, 

University of Birmingham, 

Kdgb astov. [Received. August 13;/?. 1921.] 
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CLXXXII . — A New Type of Iodine Compound. 

By John Norman Collie and Amy Ada Beatrice Reilly. 

When dimethylpyrone is boiled with excess of barium hydroxtf, , 
the yellow barium salt of diacptylacetone is precipitated. If this] 
salt is suspended in alcohol and treated with iodine, it first dissolves 
and on warming a crystalline barium salt separates which does not 
further react with iodine. The reaction ceases when two atoms of 
iodine have been added for each atom of barium. Only one-liali 
of the iodine reacts to form barium iodide, the other half reacts 
with the diacetylacetone, for the barium salt that separates, when 
treated with dilute acids, gives a compound C,H,0 3 I (T., 1900, 77, 
1116). 

It is difficult to give an explanation how the compound C 7 H.0 jI 
is formed from the barium salt of diacetylacetone by the action of 
iodine. 

If all the dimethylpyrone, C,II s 0 2 , is acted on by the iodine, 
and converted into C 7 H 7 0 3 I, the yield should be four times the 
amount always obtained. Moreover, only half the barium in the 
barium salt is acted on by the iodine. Therefore the barium suit 
of diacetylacetone must contain at least two barium atoms in the 
molecule, and they must be linked differently. The ordinary 
formula for diacetylacetone, CHj-CO’CHyCO'CHyCO'OHj, will not 
allow of any such difference. 

The above formula for diacetylacetone also does not agree with 
some of its physical properties. This was pointed out (T., l()0.i, 
87, 1451). Moreover, other properties and reactions are not satis- 
factorily explained by the above formula. Amongst organic com- 
pounds there is always a tendency to form ring compounds when- 
ever possible, and it may be that diacetylacetone is a ring compound, 

u > u ^C(CH 3 ):CH" L un ' 

Such a formula would give a barium salt, where the barium 
atoms would be link. 1 in two different ways, one to the oxygen of 
the hydroxyl group attached t-o oxygen, and one to the hydroxyl 
group attached to carbon. Iodine might only react with (ho 
barium replacing the hydrogen of the hydroxyl group attached to 
the oxygen. 

The reaction of iodine with the barium salt of diacetylacetone, 
moreover, is different from the action of iodine with the sodium 
salt of acetylacetone, that gives totra-aoetyletliane. In the reac- 
tion producing the compound (' 7 T1 7 () 3 T there must be an oxidising 
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ition. It may b° that the barium in the barium salt of diacetyl- 
ietone reacts in the same way as barium hydroxide does with 
dine, giving a mixture of iodide and hypoiodite, the latter acting 
, the oxidising agent. But there does not seem to be any simple 
[uation that will explain the formation of the compound C 7 H 7 0 3 I. 
ioreover, from its properties and reactions it is no simple deriv- 
; ive either of diacetylacetone or of dimethylpyrone. 

It might be iodosodimcthylpyronc, 0 <qciL)ic(IO)> C 0> but 

is not decomposed by sodium hydroxide, and all pyrono com- 
junds are. It might be iodoso-orcinol, but it gives no orcinol 
actions. It is neither a hypoiodite nor an iodo-compound. It 
a strong acid liberating carbon dioxide from carbonates and 
inns metallic salts, but the iodine is easily removed as silver 
dide when warmed with silver nitrate and nitric acid; it can, 
lowever, be boiled with concentrated sodium hydroxide solution 
rithout decomposition. Chlorine water does not liberate iodine, 
from its acid properties it contains either a carboxyl group or an 
/OH group. The presence of a carboxyl group is not possible, 
it gives a monoacetyl derivative, and reacts with two molecules 
>f phenylhydrazino. 

The only simple formula that agrees with most of its properties 
md reactions is the following : 

I 

/\ 

CHvCOCH CH 
HOC CO 

%/ 

CH 

When it dissolves in water the iodine atom becomes cjuinquevalent, 
taking up the elements of water. Ring compounds containing 
iodine are not novel. Mascarclli (,4/fi li. Accad. Lined, 1908, [v], 
17, ii, 580 ; llazzdla, 1908, 38, ii, 619) describes one that is a strong 
base capable of absorbing carbon dioxide from the air. 


H .OH 
I 

/\ 

u 

Acid. 



That iodine in a ring with four carbon atoms should be basic, 
and in a ring with five carbon atoms should be acid, is behaviour 
exactly the reverse of that of nitrogen in pyrrole and pyridine. The 
remaining reactions of the compound C,H ; 0 3 I are the following : 
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With an excess of bleaching powder solution it gives a precipitat, 
of calcium carbonate. The amount was estimated, (1) as carbon 
dioxide (Found : G = 14-2), (2) the carbon dioxide absorbed L 
potassium hydroxide (Found : C = 13-5), (3) as precipitated calciun 
carbonate (Found : C=13-5). Theory for three atoms of carbon 
C=13-5 per cent. 

When boiled under rellux with very dilute sulphuric acid, j( 
gradually decomposes, giving acetic acid, hydriodic acid, and some 
substance that chars with concentrated sulphuric acid, and reduces 
Fehling solution, and also gives a precipitate witli phenylhydrazin c 
The substance, however, does not seem to be a sugar, for it can 
be extracted slowly by means of ether, but it has not been obtained 
in a crystalline condition. 

When heated with water at 130 — 140°, the substance C 7 H 7 0 jI 
decomposes almost quantitatively into hydriodic acid, acetic acid 
carbon, and water, as follows, C 7 H 7 0 3 I + H 3 0 = HI + CHyCCbH a 
5C + 2II 2 0; 0-936 gave 0-198 0, 0-432 HI, 0-202 CH 3 -C0 2 H, the 
theoretical amounts being 0-211 C, 0-450 HI, 0-211 CH 3 -C0 2 H. lt s 
not, however, decomposed by boiling water. It is a monobasic acid 
for when titrated with A’ /10-sodium hydroxide it forms a salt 

C 7 H 7 0 3 I + NaOH = C ; H 8 0 4 INa. 

The mean of three molecular-weight determinations by the freezing 
point method gave M = 263. C 7 H 7 0 3 I requires M = 266. 

When the substance is boiled with dilute alcohol and sodium 
amalgam, the iodine is quantitatively removed as sodium iodide, 
and this is the simplest method of estimating the iodine in the 
substance and its compounds. 

With potassium iodide and a dilute acid, it gives no free iodine. 
It can be dissolved in warm concentrated sulphuric acid without 
decomposition, and is re precipitated on the addition of water, but 
if a strong mineral acid and a little water be used, iodine is at once 
liberated. 

With bromine in chloroform solution, the bromine is at once 
decolorised and hydrobromio acid evolved, and the residue on 
boiling with dilute alcohol gives hromoacctone. With ferric 
chloride, it gives a deep purple precipitate. It decolorises potassium 
permanganate at once in the cold. 

With a mixture of silver nitrate and nitric acid, about 95 per 
cent, of the iodine is converted into silver iodide. 

When dry and pure, light has very little action on it, but when 
moisture is present, it rapidly decomposes, giving acetic acid and 
other compounds. 
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Experimental. 

The best method for tho preparation of the compound C 7 H 7 0 3 I 
i the following : 

Ten grams of dimethylpyrone are boiled with excess of barium 
ydroxide, the precipitated barium salt is dried and suspended 
! 150 c.e. of absolute alcohol, and 20 grams of iodine are carefully 
dded with shaking. The barium salt gradually dissolves and 
ben another barium salt begins to crystallise out. It is not neces- 
uy to separate this barium salt. About 500 c.c. of water are 
ion added and some dilute hydrochloric acid. The compound 
.H 7 0 3 I at once separates. By making the mother-liquor alkaline 
ith sodium hydroxide, evaporating off the alcohol, and acidifying 
;am, a further small amount of the compound C 7 H 7 0 3 I is pre- 
ipitated. It is necessary to make the solution alkaline before 
raporation because the compound C 7 H 7 0 3 I is volatile with steam. 

From the residue a small amount of dimethylpyrone, and a 
ompound that gives a deep purple colour with ferric chloride, 
an be extracted. 

The pure compound C 7 H 7 0 3 1 can be obtained by crystallisation 
:om dilute alcohol or from acetic acid. It seems to crystallise in 
wo different forms, first separating as voluminous, needle-shaped 
rystals, that gradually change to small, granular crystals. 

A number of analyses gave the following results : Mean, C = 31-5 ; 
1 — 2-5 ; I = 47-1. C 7 H 7 0 3 I requires C — 31-6; H = 2-G ; I = 
:7'7 per cent. The yield of the compound is usually about half 
he weight of the dimethylpyrone employed. If all the dimethyl- 
tyrone were converted into C 7 H 7 0 3 I, 10 grams should yield 21-4 
jams; as a rule, only 5 grams are obtained. 

When moist C 7 H 7 0 3 I is exposed to sunlight, it decomposes 
apidly, turning brown and liquefying, and acetic acid is formed 
n considerable quantities. The brown mass, when treated with 
ibsolute alcohol, leaves an orange-red precipitate. This substance 
■an be dissolved in hot acetic acid and is precipitated in small 
■rystals by the addition of water. When heated, it turns brown 
md decomposes violently at 185 — 190° with liberation of much 
odine. It is acid to litmus, is easily soluble in sodium hydroxide 
iolution, and does not contain water of crystallisation. Unfor- 
:unately, only small quantities of it could be obtained, and only 
in iodine estimation was made (Found : I — 54-0. C s H 3 0 3 I 
requires I — 53-4 per cent.). It may have been formed according 
to the equation 

C,H 7 0 3 I + FLO + 0 3 = C 5 H 3 0 3 1 + (JHyCU.H + H 2 0, 
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when it would have the quinonoid formula 

0:C< G(01I):CH >C -°' 

The barium compound that separates when iodine is added to 
tiie barium salt of diaeetylacetone, crystallises in needles. It i. 
insoluble in water, and when treated with dilute acids gives the 
compound C 7 H 7 0 3 I. On heating, it decomposes, giving iodine, 
It contains water of crystallisation [Found, for material dried in a 
desiccator, Ba = 19-5 ; I = 3fi-4 ; H 2 0 = 5-5. (C 7 H 6 0 3 I) 2 Ba,2H 2 (J 
requires Ba = 19-5; I = 36-1 ; H,0 = 5-1 per cent. Found, f ot 
material dried at 140°, Ba = 20-7. {C 7 H 6 0 3 I) 2 Ba requires Ba « 
20-5 per cent.]. 

Acetyl Derivative.' — By heating the compound C 7 H 7 0 3 I with 
acetic anhydride and a few drops of concentrated sulphuric acid, 
and then adding water, a semi-crystalline precipitate is obtained. 
This can be purified by dissolving in alcohol, decolorising with 
animal charcoal, and recrystallising. It forms white, granular 
crystals, m. p. C8'5°. It gives no colour with ferric chloride, and 
is acid to litmus paper. It can be distilled without decomposition. 
On keeping, it turns bright lemon-yellow, finally becoming orange. 
The mean of several analyses gave C = 34-6; H — 3-0; I = 41-1, 
C,H 6 0 3 I(COCH 3 ) requires C = 35-1; H = 24); I = 41-2 per cent. 
When the acetyl derivative is warmed with sodium hydroside solution 
and the product acidified, the compound C 7 H 7 0 3 I is precipitated. 

Phenylhydrazine Derivative. — The compound C 7 H,0 3 I reacts 
violently with phenylhydrazine, and water is given off. If, however, 
it is dissolved in a little alcohol and phenylhydrazine added, the 
mixture becomes warm, and a crystalline compound separates. It 
can be recrystallised from acetic acid. On heating, it rapidly turns 
brown and suddenly decomposes. It contains water of crystallisa- 
tion, but decomposes below 100° [Found: N — - 11-3; 1 = 2.30. 
C ; H 7 0I(N 2 H-C 6 H 5 ) 2 ,3H,0 requires N = 11-2; I =25-4 per cent.]. 

' Salts of the Compound C 7 H 7 0 3 I. — The compound was treated 
with excess of barium hydroxide, the excess being removed with 
carbon dioxide. Tin filtered solution was evaporated to a small 
bulk and alcohol added. The salt separated in long, white needle?. 
These, when dried in a vacuum over sulphuric acid, turned lemon- 
yellow. The mean of several analyses gave Ba = 19-7 ; I = 3.3'S. 
(C 7 H s 0 4 I) 2 Ba requires Ba = 19-5; I = 36-1 per cent. 

The silver salt is insoluble in cold water and slightly soluble in 
hot water. The lend salt has similar solubilities. 


University College, 

Gower Street, London. 


[Received, July 0th, 1921 .] 



MOORE : PHOTOSYNTHETIC PROCESSES IN THE AIR, ETC. 1555 


Photosynthetic Processes in the Air , upon the Land, 
and in the Sea in Relation to the Origin and 
Continuance of Life on the Earth. 

Hugo Muller Lecture, Deliverer before the Chemical 
Society on June 16th, 1921. 

By Benjamin Moore, D.Se., F.R.S. 

1e. President, Ladies and Gentlemen,— In the course of this 
icture I am about to attempt to summarise ten years’ work, 
should like at the outset to express my gratitude to several 
ollaborators who have aided me on the subject — especially to my 
■lend Mr. Edward Whitley, of Oxford, and to Mr. Arthur Webster, 
f London, who have assisted me throughout those researches. 

The results obtained may be of practical interest to the botanist 
nd to the chemist, and even to the economist ; but it is not from any 
1 those practical aspects that I would like to present the subject to 
ou this evening, but rather from a philosophical point of view, 
he outset of the whole matter is How did living things come 
> he on this earth or on any other earth ! It is a curious thing 
hat I am standing up here talking to you this evening and that 
du are all listening to me, if you will reflect upon it that some 
illions of years ago this earth was a molten mass. Many theories 
we been put forward to explain how life did come to the earth, 
id how it could come to the earth. Some only pass on the pro- 
em to another world, and say that a germ was born in that distant 
Drld— that, either by radioactivity or by sunlight, or in some other 
ly, this germ landed upon our earth, and so, by a fortuitous 
mbination of circumstances, we are all here. There is not any 
odern theory which passes that limit.. All the earlier theories 
to how life arose seem to be lacking in that they do not start 
the beginning of things. That is not to lie wondered at. In 
e days of van Helmont, the Abbe Spallanzani, and those who 
ceeeded them, and even in the days of Pasteur, people were 
ttig for a sudden evolution of life. That is not a philosophical 
mt of view. Life is not distinct from the inorganic. Any germ 
Wing from another planet must have had the property of building 
energy, or it could not have existed. Therefore there must be 
>plied some stages that lie between anything, even so simple as 
! single unicellular alga, and the inorganic world. There must 
some, possibility of tracing out a continuity right through from 
1 inorganic to the organic and up to man 

roLcxlx - 3 H 
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It is a remarkable fact that evolution was first discovered in the 
organic world. It might at the ontsct seem probable that tie 
chemist would be the first to discover evolution, but he was not. 
It was the biologist who discovered evolution, and the chemist i, 
following in his footsteps. 

It appears to me that the fundamental law in all evolution is tie 
law of what might be called “ complexity,” — that as soon as it be. 
comes possible for matter to become more complex under the energy 
field in which it exists it obeys the law and becomes more comply;; 

In the sun, for example, even binary compounds probably <j ( 
not exist at all. From all that astronomy and spectroscopy teaci 
us, even such a stable element as iron is broken up into proto, 
elements. But as the. inorganic environment changes it beeons 
possible for elements, as we know them on earth, to exist, and, at a 
later stage, it becomes possible for simple binary compounds also 
to exist. Always Nature proceeds on this law of complexity to a 
point at which, as will now be shown, it becomes necessary to 
establish a new unit. 

I am not going to attempt to enter into the construction of tit 
atom. I do not know enough to do so. But it seems that tie 
electron is about the simplest thing possible. The electron, with 
some central basis and with a number of other electrons variously 
arranged, forms the atoms. The atom goes on evolving in com- 
plexity, and as it gets heavier and heavier and more complex them 
comes a period at which that unit reaches its maximum and as i 
reaches its maximum the element becomes unstable. It is just 
here that there appear the radioactive elements. But Katun 
is not to be baffled by this new situation. She proceeds to tilt 
simple inorganic compound, and she makes mono-molecules of ft* 
simplest type. Then she goes on and on with these until a net 
limit is reached. She adds on to the mono-molecules subsidiary 
molecules, such as the water of crystallisation, and, finally, a stags 
is reached at which fresh building up is impossible. It is not 
always reached at the same place, but a point in the average 
reached where she cannot build up more complex molecules, anil 
she then begins to build up colloids. She takes even quite simple 
molecules like siliea (Si0 2 ) and combines these into groups of fifty 
or sixty molecules. These acquire different properties as they gi 
on. They become what. Graham called metastable. Their reaction' 
are much slower than those of the simple inorganic compounds, anil 
so we pass on towards life. Always Nature is phasic, and tte 
periodicity of movement becomes slower as the organism become 
larger and larger ; and it is as it reaches these larger stages that il 
begins to react with outside forms of energy in a new manner. 
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It is curious that at the lower temperatures of the air radiant 
lergy can come from the sun and build itself up again and form 
lings like coal and petrol and all those combustible things from 
hich one can make high explosives. 

As the colloid becomes more complex it acquires the power to 
:act to the light, and it is only when a stage has been reached 
t which reaction to light can occur that it becomes feasible to 
aild up living creatures. If you reflect about it, it is really strange 
3W biochemical energy, the energy of life, comes into everything, 
do not believe there is a single object in this room that has not 
id biochemical energy concerned in the formation of it. Let us 
ike this glass. How could that bottle have been made if there 
ere not the energy of biochemistry to fasten the silicates into it ? 
ursclves, our clothes, the table in front of me, paper, everythin" 
tactically that man is concerned with, arose from light. Light 
as the beginning of all things living : there is no question about 
lat. And it was in the water that they began. Three-fourths 
our own bodies consist of water now. Nothing happens within 
ir bodies that does not happen in solution. It was in the sea and 
the lakes that life first originated by the bearing down of the sun's 
icrgy upon these inorganic colloidal complexities which were 
iginning to form there. 

Then there was adsorption as in the diatom. These inorganic 
liloids not only form the organic matter, but they build it up into 
leir own cells ; they form skeletons for it. And so we can trace, 
we commence at these beginnings, how life began. We shall 
wer trace it by studying bacteria. Bacteria could not exist in 
lis new world. There is nothing for them to live on. There is 
) food for them. The condition is a thousand time? worse than a 
ial strike; there is nothing to eat even. Nothing livin" could 
ise under such conditions that did not possess the property of 
hiding up the energy of the sunlight as it came down to it It is 
i interesting discovery that in those early days it was the ultra- 
olet, and the blue light that were used, just as a photographic 
ate uses these rays to-day, and as evolution has proceeded there 
ive appeared more and more delicate sorts of transformers which 
ust even be carefully protected from such rays and utilise instead 
K slower waves of the spectrum. As you all know, sunlight 
germicidal to bacteria; they cannot be exposed to it and so 
nous colour screens have to be fabricated, such as chlorophyll 
many others, which protect this dawning life from being 
flea by the very sunlight which first originated it. Also it 
l S not 8eem to have been the purpose of Nature, or whatever 
> nS Nature > merely to evolve life, because several other changes, 

3h2 
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which will now be considered, had to occur before life becam 
possible down below. 

Let us think of the thing at the beginning. As the light from thi 
sun first strikes the earth’s atmosphere, perhaps one or two hundret 
miles above, it is full of ultra-violet light, and violet light. Surf 
light rays as these, if they reached the earth at the preseul 
moment, would annihilate us ; they would simply mean death tc 
the world below. 

The first thing that happens to prevent this is that ozone is 
developed, and by absorption this ultra-violet light is shut out. T[ )e 
solar spectrum of sunlight was known to the physicists to be marked 
out, to be limited, by the ozone developed in the upper atmosphere, 
and it has been shown that if there were only a millimetre of 
ozone interposed between quartz plates nearly all this light, which is 
germicidal light, would be shut out. It is not completely shut out. 
as the light passes through the air and that is why there must to 
these natural colour screens in plants and animals and man. 
Bacteria cannot live in the open in the sunlight, and, as Marshall 
Ward showed, those fungi that live in the open and are not 
under the protection of green trees have to possess some colour 
developed within them, some pigment, so that this light is shut out, 

Another interesting field and one that wants investigation 
is the effect of short wave-lengths of light on various gasecaii 
mixtures. For example, nitrogen and oxygen unite under the 
influence of light, it is true only to a small extent, but they do 
combine and form nitrogen pentoxide and nitrogen trioxide. Also 
from nitrogen and hydrogen ammonia can be produced. All these 
changes are of great importance in the atmosphere, before the earth 
or the sea is approached. 

Next, let us consider the sea, where hie first started, and whore, 
in the vegetable world, it has only in a comparatively small number 
of species got beyond the alga! region yet. The reason why alg* 
still form the preponderating bulk of marine plant life probably is 
that the externa] medium (sea water) gives perfect nourishment to 
the alga; it was when plants passed to new environment that 
further evolution was required to conserve the store of alkali. 
This conservation of aikali evolved in fresh water as a preliminary to 
terrestrial life. It is light then that produces the change in the 
springtime, and not temperature. At the end of this lecture I will 
show you a slide to demonstrate that clearly. When the tempera- 
ture is at its lowest in the sea a tide of life suddenly bursts forth. 
As the spring advances the sun is getting higher every day, and the 
day is getting ionger, and one can easily perceive that what might 
he called a critical angle is reached. I will draw what I mean on 
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he blackboard. Take this line to represent the surface of the sea, 
his arrow the light, and on a November or December day the 
iunlight is coming upon the sea surface. Not only is the day short 
md the light feeble, but practically none of the light will pass 
hrough. Now come to the equinox about March . Then the light 
ireaks through into the sea, and just at that period there is a 
wonderful outburst of life before the temperature has risen at all. 
[hat is a most remarkable and interesting thing, and also a fact 
if practical importance, because, until that light comes to the sea, 

Fin. 1 . 


Incident light. Reflected light. 



This sketch illustrates the direction and intensity of light entering the sea 
at various seasons of the year at a latitude of 55* North. The sun’s 
declination in June solstice being 231° the altitude at noon is (90 — 55) }- 
23}=58&°i at the equinox in March the altitude is 90 — 55—35°, and in the 
December solstice it is 35 — 23i = 12|° only. The variation in the length 
of the day is also to be remembered. The optimum daily exposure is that of 
jthe spring ; winter is too dark and summer too bright. 

producing the minute floating green plants, the life of the crustacean 
leading up to the life of the herring and the food fishes cannot 
appear. This action of light is the beginning of the whole Spring 
n the sea. At a certain time the light penetrates into the sea 
water, and a day or two later the great sea breaks out into life, 
md there is a long concatenation of generations after that which 
lead up to the varied life of the sea. The amount of alkali developed 
as that light enters the sea and acts upon the floating algae suffices 
f° ^ urn the sea water alkaline to the most delicate indicator. Calcium 
^carbonate and magnesium bicarbonate are taken out of the water, 
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discovery which really has been rejoicing me ever since. I have 
told you that if you expose marine algse to light, the solution 
in which they are exposed turns alkaline, because they build up 
the carbon dioxide and turn out the alkaline carbonates. After 
we had discovered that fact, I asked Whitley to continue the 
investigation at Oxford. He drew a complete negative. He 
could not get any alkalinity as evidence of photosynthesis in any 
of the fresh-water plants then used. We really could not under- 
stand the matter a bit— why we should get it in the sea and not 
get it in the fresh-water. Having been disappointed at Geneva, 
we turned round to try a whole series of these fresh-water plants 
from Lac Leman to discover whether they would go alkaline or 
not, and what we found out as the result was that the fresh-water 
alga behaves like the marine alga, but that the higher fresh-water 
plant does not. It photosynthesises. It builds up nitrogen, but 
it does not give any alkali out to the surrounding medium in which 
it is growing. That is quite an interesting fact in itself, but if you 
think a little longer about it the interest increases, because it was 
only when that sort of semi permeable membrane for alkali estab- 
lished itself that it was possible for anything to emerge from the 
water and step ashore on to dry land. Any of the terrestrial plants, 
a tree or an herb or a blade of grass, cannot part with alkali. It 
cannot behave like a marine alga in the sea and take in bicarbonate 
and give out carbonate again. It must depend on what it takes 
up from its rootlets. It must have a supply of alkali in its own 
substance, and as the sunlight plays upon it it must take in Jm 
carbon dioxide from the atmosphere, and keep on all the time, 
using over and over again that same supply of alkali that it possesses. 
In other words, it must possess a regulation of alkalinity. It is (he 
rudimentary trace of that preservation of alkalinity which runs 
right up to man from this point at the beginning of organised beings. 

In order that animals can flourish on the land, and in order that 
the whole terrestrial civilisation can arise, there must develop a 
system by which the land plant takes its alkali up from the root, 
retains this store of alkali, and simply takes in free carbon dioxide 
and utilises its alkali over and over again lo form bicarbonate on 
which the sunlight plays and produces organic matter. The 
point — and rather a beautiful point — is that all this evolution 
happened in the fresh water before the plants emerged. Above 
the algal level that new order of things does establish itself, and 
the higher aquatic plant in fresh-water resorts to terrestrial habits, 
and establishes this condition of affairs, then it can emerge and all 
terrestrial life commences. It is one of the earliest of these adjust- 
ments. Of course, physiologists know other fundamental adjust- 
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aen ts »t different, levels. For example, at a certain stage in the 
volution of fishes there was such an adjustment of the salt level, 
'he great majority of the fish that are in the sea, including all 
dible fish, are not any salter than fresh-water fish. They develop 
chat is called a certain “ tonicity ” in their blood, and that saline 
djustment, once it has been established, persists right up to man 
hrough all the intervening species. In the same way, we get an 
idjustinent of respiration. You can kill a mammal if you over- 
ireathe it. In my opinion, a great deal of the evil effects of what 


l‘Tc. 2. 



pas called “ shock ” during the w ar, and is called “ shock ” still 
y the surgeon, is due to a variation in the adjustment of that 
egree, of alkalinity. Here then, right down at the algal level, 
’e find now the very first traces of the adjustment of the reaction, 
nd of a condition of affairs which makes it possible for life to 
merge on the land. 

Now I will turn to some of my lantern slides, and show you 
le figures in support of what I have been saying, 
f igure 2. — Here there is represented a compilation of a series of 
ifferent data, I cannot claim credit that any line of the series 

3 li* 
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ot data belongs to myself. All I can claim is that I correlate; 
them. On the base-line you see marked out the months of til 
year. Then there are several curves above the base-line whirl 
are plotted to different scales. They are so plotted as to brim 
them together so that you can study them. The units used j tJ 
plotting do not particularly matter and need not now be described 
The point is not exactly how the curves rise, but the interest ra% 
lies in how they follow one another. You will see there is o nt 
curve that does not follow the others, and that/ is the temperate, 
of the sea at Port Erin, Isle of Man, over an average of ten year* 
We come next to the diatoms jn the sea on which the life of tl# 
fishes depends. Observe that in February there are very f n 
diatoms. The light, remember, is increasing all the time, a B( ] 
between February and March you see how they increase and g ( , 
to their maximum about April. Then the light gets too stror- 
for them and they come down again, and in the winter month, 
after August they come quite low' down. Look next at the sun. 
shine curve following so closely the numbers of diatoms. Another 
curve shown there is the total radiant energy. The curve showinj 
“ nitrite ” is the average amount for the last fifty years at Radcliib 
Observatory, Oxford, of what used to be called “ ozone.” There t 
not any ozone on the surface of the earth. The substance present 
and formerly taken for ozone is nitrogen trioxide, and it is quite 
interesting to speculate as to what that means in the air at tls 
surface of the earth. It was supposed that the nitrites and nitrate 
in the air were derived from thunderstorms. There is not the 
least evidence at all to support this view. You can take the rain 
that falls after a thunderstorm and you will find no more nitrite 
in it than you will find in an ordinary shower. The amount present 
at any given time does not follow the amount of electric disturbances 
in the air, and you can see by the diagram, on the other hand, 
how very closely it does follow the sunshine. That is quite m 
interesting point, because plants take up these nitrites from tit 
air and nourish themselves from it, and there is a considerable 
amount of direct nutrition of plants accomplished in that way by the 
simple taking up of nitrites. I think also it is worth the while ol 
the chemist to loo 1 . into the matter from the point of view as to hoi 
accumulations of nitrites occur on the earth’s surface. Such deposits 
are usually found in Peru and India, where there is so little rair. 
to begin with, where there is intense sunlight, and where there pro- 
bably is some supply of alkali to fix the nitrogen trioxide, because 
we do not find it as acid, but as the salts, sodium nitrate and sodium 
nitrite. Another important photosynthetic reaction is that by 
which nitrates pass over into nitrites. To carrv it out, vou want 
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This series of spectrograms, and the figures for alkalinity developed a- 
shown over each spectrum, illustrate the photo-synthetic activity of each part 
of (he solar spectrum, ami demonstrate that all regions are ut disable and 
not merely the regions of the absorption bands of chlorophyll. If. is also 
to bo noted, as described in the text, that the longer wave-lengths in ml. 
yellow, and green ure the most active. From left to right the coloured 
screens are to the eye : No. 1, full spectrum; No. 2, red screen ; No. 3, green 
screen ; No. 4, yellow screen; Nos. 5 and tl, blue and violet screens. 

My thanks are due .0 Mr. J. E. Barnard, late President of the Koval 
Microscopical Society, for taking these spectrograms for me. 
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nothing more elaborate than an ordinary soup plate, putting into 
it a solution of one part in ten thousand of sodium nitrate, exposing 
it for an hour or two to such sunshine as we are having at present, 
ind you will get an intense reaction, showing that nitrite is developed. 
That reaction means the uptake of energy. The number of these 
>ndothermic reactions that we have hitherto discovered is very 
small. The one in the green cell is the most predominant of all, 
but a similar reaction occurs between nitrates and nitrites with 
jptake of the energy of the light. That is without a. green cell 
it all. In the presence of a green cell you get a fixation in the form 
){ protein of amino-nitrogen from the atmosphere when you have 
10 nitrate whatever present. That has been disputed for about 
me hundred and fifty years, but after a good deal of work I have 
lot the remotest doubt that both the lower and higher plants do 
luild up nitrites and nitrates and form organic nitrogenous com- 
lounds from the free nitrogen of the atmosphere. Those are the 
nain points about that diagram. What I want to point out is 
;hat the outburst of Spring has not much to do with the tem- 
perature of the sea, but it has a great deal to do with the amount 
jf sunshine. A great deal of our life, unconsciously to us, is 
Dounded by sunshine. Many unhealthy lives are produced by tile 
nek of sunshine. If you get either too much or too little sunshine, 
here is ill-health over the whole world. We do not realise at all 
!o what extent we are dependent on a properly modulated amount 
if sunshine throughout the year. 

figure 3. — This is an experiment showing to what extent 
litlerent regions of the spectrum take a part in photosynthesis. 
Inu see the spectrum under a plain glass under sunlight only 
showing 10’6 c.c. of alkalinity* after a given exposure. Then we 
?et 8 c.c. with that simple bit of reddish-yellow light shown in the 
?econd spectrum alone remaining for photosynthctic action. In 
the fourth one there is almost as much, namely, 10'! c.c., as in tile 
full sunshine, although all the intermediate parts of the spectrum 
are shut out. The next two show liow poor the blue light is in 
producing photosynthesis, the amounts being 2-7 and 2'9; this is, 
of course, quite different from the photographic plate. There are 
two things shown by this set of spectra and their accompanying 
figures. First of all, that it is not merely in the region of the 
absorption bands of chlorophyll that photosynthesis occurs, but 
ail throughout the spectrum. And secondly, that there has been 
evolved in the living green cell a mechanism, contrary to those 

That is, when 10 c.c. of sea-water in which the alga has grown are titrated 
jut A /100-sodium hydroxide. The time of exposure was about five hours 
P all cases. 
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utilised in the beginning of organic things and to those affecting 
our photographic plates and ordinary chemical processes, a 
mechanism dealing with lower wave-lengths, and one which has 
to protect itself, by its colour screen, from the blue and ultra, 
violet, or else it gets killed. 

Figure 4. — This experiment shows how growth may be stinui. 
lated by adding artificially oxides of nitrogen or sodium bicar- 
bonate. What I did was to take a closed jar with a screw-down 
top and then in some cases put slanting side -tubes in, leaning 


Fig. 4. 



To illustrate arrangement of screwed-down jars to show fixation of nitrogen 
and carbon, Similar arrangements can be made to demonstrate the nutrition 
of algte from methyl alcohol, formaldehyde, and other poisonous simple organic 
substances. The nutrition tubes must be so narrow that the algal cells can 
utilise the poisonous nutrients as rapidly as they are evolved. 


against the wall of the jar. In some cases no tubes were inserted 
and in others simply a little solid sodium bicarbonate, in others a 
system which would slowly evolve nitrogen trioxide and in still 
others tubes which \ ould evolve both gases. You see the amount 
of fixation of nitrogen in each case. With no additions at all, 
with the vessel quite closed up, one gets almost 4 milligrams o( 
fixation of nitrogen. A small figure, you may say, but it is no 
smaller than that on which previous observers depend for all proof 
of the nitrogen-fixing bacteria and azotobacter. Then, if you put 
in some sodium bicarbonate you get an increase in the figure from 
3'46 to 5-1 ; that is to say, the small partial pressure of carbon 
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dioxide coming back from the sodium bicarbonate took the place 
of ‘ he carbon dioxide of air which got exhausted in the jar 
when it was closed, and if you supply the sodium bicarbonate so 
that you get carbon dioxide coming out of the side tube, then at 
wee this increase in fixation of carbon commences. I simply put 
i very narrow piece of glass tuhe drawn out like a test-tube into 
the sealed jar, with either one tube of sodium bicarbonate, or two 
tubes, one containing sodium bicarbonate and the other’ a little 
nitrite and very dilute acid to give off a small amount of nitrogen 
peroxide. You see the effect when you supply both. That is 
‘'hat manures do. They provide that stimulus at a certain period 
ihen the young plant wants it, to produce more rapid and enforced 
rrowth. They are stimulants similar to w hat physiologists call acres. 
,ory food-stuffs. They carry the plant on through a certain stage 
md I think that is the main purpose of manures and not direct 
>uilding into the plant. The weight of rich manures supplied is 
nany times smaller than the increase in the crop. Manures remove 
lertain limiting factors of growth. 


Jos. 1 and 2 (no additions) « .. ' 

Jos. 3 and 4 (sodium bicarbonate only) "" f ijj “&• 

Jos. 5 and C (oxides of nitrogen only) ” 

|03. 7 and 8 (both sodium bicarbonate ami oxides of iiitregen)’ 14-10 " 


Endothermic Formation of Nitrites from Nitrates. 

The amounts of heat involved and differences in transition 
om one oxide of nitrogen to another arc shown in the following 
ble given by Mendelccff, in which the numbers in the upper 
w represent thousands of gran, -calorics for a gram-molecular 
rmation from the elements; and the lower shows in thousands 
gram-calories the heats of transition from one oxide to the 


21 


43 - 22 

+ 21 +17 


N,0, 


NA 

- 1 


+ 4 


“ Ub e sho ' vs that in from N 2 0 5 to NA, a supply of 

‘ rgy must be given to the reacting system amounting to 4 + 
!rted ' thousands of gram-calories for each gram-molecule con- 

Tks table shows that there is an endothermic effect or absorp- 
ght energy in the building up of the nitrogen trioxide. 
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The top line shows the amount of energy. If you take nitrate 
— this extreme right side — and pass that into N 2 O s ; that is to 
say, from nitrate to nitrite — and the sun does that for you — 
there are 21 kilo-calories per gram-molecular weight going from 
HN0 3 to HN0 2 . This is a very considerable accumulation of energy 
and it is going on all the time wherever nitrates are exposed to 
sunlight. We have known for a very long time the same thing 
about carbon. We have only recently acquired the same know- 
ledge about nitrogen. If you get the inactive nitrates coming up 
from the soil into the leaf and being exposed to the sun, that 
action proceeds with the uptake of energy, and these nitrites are 
ever so much more active physiologically than are the nitrates, 
and that is the beginning, in my estimation, of the formation of 
the proteins in the plant — that you first of all get your nitrates to 
your nitrites. Ordinary running water as it comes down, or dew, 
contains these nitrites. If you allow water to stand for a day or 
two in the dark, or in a cistern or reservoir, or take it from an 
ordinary tap, you get no nitrite; but you have only to take that 
tap water, or water that has stood for some time, and put it in 
a soup plate in the face of the sun for two or three hours, and you 
get your reaction of nitrite at. once. An endothermic reaction 
takes place and the nitrite is formed from a nitrate. 


Fixation ok Nitrogen ry Marine Ai.g.e. 

CONDITIONS OF EXPOSURE TO LIGHT. 

Exposures. 

Nos. 1 and 2. — Kept with lids tightly screwed on in such daylight 
and sunlight as were available outdoors. 

Nos. 3 and 4. — Ditto, but instead of tightly serewed-on lids, 
these were covered above only with a double layer of musbn, so 
that there was free access of atmosphere. 

Nos. 5 and 6. — Kxposed to diffuse light only indoors on shelf in 
laboratory, with lids tightly screwed on. 

Nos. 7 and 8. — The same as to light, but open, with muslin 
covers only. 

Nos. 9 and 10. — Kept in complete darkness in cupboard with 
lids tightly screwed on. 

Nos. 11 and 12. — Also kept in darkness in cupboard with muslin 
covers only. 
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Remits. 


Experiment of March 28 th — April 5th, 1919 (seven days’ interval). 
1 . 


Nature of exposure. 


doors 

2. Sunlight, in open jars, out* 

doors 

3. Diffuse light, no direct sun, 

on shelf indoors. Shut 
jar 

4. Same exposure as No. 3, 

but jars open 

5. Darkness, in cupboard. 

Shut jars 

6. Ramo as 5, but jar open —l 1 2 



2. 

3. 

4. 

5. 
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April 5. 




*13-3 

9-7 

2-57 

0-476 

11-3 

0-7 

97 

2-38 

0‘457 

12-4 

0-4 

3-4 

1'71 

0-284 

8-7 

00 

+ 1'7 

1*47 

0-285 

8-0 

-1-7 

-14 

1-45 

0-259 

9-4 

-12 

-03 

1-50 

0-275 

9-5 


Note. — A t the end the contents of each pair of similarly exposed jars were 
united for purposes of analysis so that No. I in “ Results ” corresponds to 
Nos. 1 and 2 in “ Exposures,” No. 2 in ** Results ” to Nos. 3 and 4 in “ Ex- 
posures,” and so on. 


These results show the fixation of nitrogen by marine algae. 
Nos. 1 and 2 were exposed to sunlight. No. 1 was in a closed 
jar, and No. 2 was in an open jar. Nos. 3 and 4 were in a 
diffused light. Nos. 5 and 6 were kept in darkness. The jars 
in light were exposed for five days with fair sunshine, not nearly 
so intense as we are enjoying at present. You see how the wet 
weights run up and down in light or dark. They were all 2 grams 
to start with, and you see how the ones in the sunlight have gone 
up, and the others down, although the jars were shut in several 
cases. Next there is the dry weight, which shows a similar con- 
dition of affairs, and then there is the total nitrogen estimated by 
the Kjeldahl method. Fixation of nitrogen takes place without 
any appearance whatever of the production of bacteria. They 
remained perfectly clear, and to fix that amount of nitrogen by the 
azotobacter the amount of turbidity would be unmistakable. All 
observers on such bacteria state that their media became turbid 
or milky. These algal growths do not get milky. I do not want 
to pursue that argument too far, but it seems to me that it is 
intensely interesting— whether it is done by two things working 
together, one of which is a bacterium, or by the green cell alone. 
Suppose we grant there are bacteria. There is an association of 
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the two things together. There is a process instituted hy which 
an energy transformer can take hold of sunlight, and by means 
of that sunlight capture the nitrogen of the atmosphere and convert 
it into proteins. That is far more important than worrying our- 
selves as to whether it is done by the green plant alone, or by the 
green plant plus some bacterial agency. 

The table given below shows in similar fashion the fixation of 
nitrogen by fresh-water alga;. The organisms were simply sewn 
into each jar in fresh-water. 

In order to save space in tabulation the amounts of nitrogen 
found hy the Kjeldahl determination carried out at the conclusion 
of the experiments are here placed opposite the description of the 
treatment of each jar : 

No. 1. — Tap-water and algse only, glass lid screwed down, kept 
in light. N — 0-3 mg. 

No. 2. — Tap-water and algse only, no glass lid, top covered by 
fine lawn, kept in light. N — 1-6 mg. 

No. 3. — Tap-water and algae only, screwed down, no glass lid, 
kept in darkness. N = 0-1 mg. 

No. 4. — Tap-water and algae only, covered by fine lawn, kept in 
darkness. N = 0-3 mg. 

No. 5.— Tap-water, algae, 2 c.c. of 5 per cent. Na 2 HP0 1> ]2H,0 
(that is, 0 0o per cent, of Na. 2 HPO. t , 1 2H 2 0), lawn cover only, kept 
in light. N — 8d mg. 

No. 6.— Tap-water, algae, 0-05 per cent, of Na 2 lIP0 4 , screwed 
down glass lid, kept in light. N = 1-0 mg. 

No. 7— Tap-water, algae, 0-0f> per cent, of Na. 2 HP0 4 , 0-05 per 
cent, of NaN0 2 , lawn cover only, kept in light. N = 12-3 mg. 

No. 8.— Tap-water, algae, 0-05 per cent, of Na,HP0 4 , 0-05 per 
cent, of NaN0 2 , screwed down glass lid, kept in light. N = 0-7 mg. 

No. 9— Tap-water, algae, 0-05 per cent, of Na 2 HP0 4 , 005 per 
cent, of NaN0 2 , formaldehyde vapour at high dilution supplied 
from side-tube as described below, glass lid screwed down, kept in 
light. N = 3-8 mg. 

No. 10.— Tap-water, algae, 0-05 per cent, of Na 2 HP0 4 , no NaNO z , 
formaldehyde vapour, glass lid screwed down, kept in light. 
N = 1 '0 mg. 

No. 11.—' Tap- water, alga;, 0-05 per cent, of Na 2 HP0 4 , 0-05 per 
cent, of NaN0 2 , dilute methyl alcohol vapour supplied from side- 
tube, glass lid screwed down, kept in light. N -- 7-4 mg. 

No. 12.— Tap-water, algse, 0 05 per cent,, of Na 2 HP0 4 , no NaNO a , 
dilute methyl alcohol vapour from side-tube, glass lid screwed 
down, kept in light. N = 1-1 mg. 

It is observable from the particulars given for assimilated nitrogen 
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that this occurs even when no nitrogen is supplied. Any nitrogen 
supplied from without is returned and more with it, but even in those 
cases where none is supplied to the plants they still grow and fix 
organic carbon and nitrogen. Another quite interesting point shown 
in that experiment is that you can use things which are very poisonous 
to plants to supply them with food, if only you conduct the thing 
in the proper way. There has been a long-continued dispute over 
von Beyer’s hypothesis that formaldehyde is the first substance 
formed in the photosynthesis in the w ; ay of carbon compounds, 
and observers have put formaldehyde, in various concentrations, 
into solutions, and usually they found that it killed the plant cells. 
On the other hand, if you take extracts of chlorophyll from plant 
tissues and expose them to the light they form formaldehyde 
themselves. These processes are reversive. The way to get at 
the thing with some success is not to put the formaldehyde or 
these other poisonous things into the solution, hut to use a side- 
tube such as has been sketched above (Fig. 4, p. 1506). You just 
put your ordinary medium down with the materials in it, and 
place in the side tube formaldehyde in a dilute condition. Then 
you get the effects observed in the table given above, Nos. 9, 10, 
11, 12. The nitrogen gets fixed. The formaldehyde is built into 
carbohydrates, fats, proteins, and other materials. This occurs only 
with a certain intensity of light. The germicidal action of sun- 
light may simply be a reversal of that process. If you take a 
green cell and expose it to ultra-violet light, you have to expose 
for a very long time before it is injured. If you take a thing like & 
tubercle bacillus — in fact, any colourless bacteria— and expose it, you 
will kill it in a minute or two. The poison may not be formaldehyde 
alone, for it is remarkable how organic compounds and living 
organisms disintegrate under the action of light, forming simpler and 
lethal substances. If you can imagine the living cell being invaded 
by formaldehyde produced by the action of light, you can readily see 
how it can be killed. All things in Nature are reversive. The 
world does not always go in the same direction. One time it is 
building up, and another time breaking down, just like the coming 
of the Summer and the Winter, and all the cycles that occur in 
Nature. Take such things as the heart-beat. It contracts ; that 
is its period of activity. It relaxes; it carries out exactly the 
reverse process. Everything in Nature is phasic, and it is as a 
result of that phasic variation that we are able to progress in 
evolution and build up from one thing to another. Take all the 
pools round the coast. In winter they are acid. As the spring 
goes on they get more and more alkaline. You see the possibility 
that is expressed there for producing natural variations. One pool 
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may be considerably more alkaline than another, and some new birth 
of creature may arise in it simply because its reaction is entirely 
changed. It is only due to the conservative processes of Nature that 
we do not get a series of weird races and things arising to every change 
of environment. Nature millions of years ago invented methods by 
which the reactions of our bodies, the fluids of our own bodies, are 
kept within excessively narrow limits, and it is probable to my mind 
that it may be variations outside those limits occurring in these 
ways which cause new species of creatures to arise. There is all the 
time a stability. I want to impress that as the key-note of the 
whole thing. The pot seems to boil over, so that from a position 
of extreme instability it passes once more over into a position 
where it is stable and can begin to make a new movement forward. 
It goes up from the electron right into our social relations of the 
present time. We all know how the pot is boiling now. We do 
not know what is going to happen to the pot, but even at the level 
of sociology there is this same principle going right through that 
starts out at the beginning. Evolution has its periods of activity 
and its periods of rest, and I am quite certain that it was nothing 
fortuitous whatever that brought life to this world, and that given 
the same train of chemical and physical events in any other part 
of the universe, I will not say that human beings may have arisen, 
but the same changes and complexities must absolutely have 
arisen. There must be thousands of worlds in which there is some 
form of life, some form of activity comparable to our life, and 
intrinsically in its essence the same as our life. 

Bibliooraphy. 

Part of this lecture relates to matters which have not been 
published before, such as the sudden outburst of Spring on land and 
sea, and the transparency of the screen overlying chlorophyll 
under the twigs before the new leaves appear. The remainder 
has cniefly been recorded in the Proceedings of the Royal Society 
during the past ten 3-ears. The whole has been drawn together 
in a volume recently ; ublished by Mr. Edward Arnold entitled 
“ Biochemistry, a Study of the Origin, Reactions, and Equilibria 
ef Living Matter.'’ An earlier account will be found in a volume 
in the Home University Library on “ The Origin and Nature of 
Life.” 
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CLXXXIII.— The ovtho-Dimethylanthraquinmes and 
their Derivatives. 

By Arthur Fairbourse. 

The original reason put forward in favour of the accepted or 2 : 3 
structure for the only previously known o-dimethylanthraquinone, 
and for its derivatives, was based on analogy showing the im- 
probability of formation of the 1 : 2-dimethyl isomeride during 
the dehydration of o-S : 4-dimethylbenzoylbenzoic acid (Elbs and 
Enrich, Ber., 1887, 20 , 1361 ; Elbs, ,!. pr. Chem., 1890, [ii], 41, 6), 
an argument still held to be valuable (Barnett, “ Anthracene and 
Anthraquinone,” 1921, 33). Before the war, however, the author, 
who was then working with Dr. IVeizmann in Manchester University, 
succeeded in separating a product from this particular dehydration 
which was quite unlike the quinone described in the literature, 
but which gave evidence, nevertheless, of capability of bromination 
and of oxidation to an o-dicarboxylic acid. 

It appeared probable, therefore, in spite of the arguments previ- 
ously put forward against the likelihood of its being produced, 
that this was the unknown 1 : 2-dimethylanthraquinone, or, alterna- 
tively, that it was the 2 : 3-dimethylquinonc, and that the substance 
hitherto accepted as having the 2 : 3 structure was in reality either 
of a different constitution, in common with all substances derived 
from or connected with it, or was a mixture of the 1 : 2 and the 
2 : 3 isomeric forms. 

In the event of its being a mixture of this kind (compare varia- 
tions of more than twenty degrees in the melting points of the 
specimens described by Elbs and Enrich and by various other 
experimenters; Limpricht, Annalen, 1900, 312 , 99; Willgerodt 
and Maffezzoli, J. pr. Chem., 1910, [ii], 82 , 205; Heller, Ber., 1910, 
43, 2890), then the additional evidence for the accepted 2 : 3 
structure of all these substances which has arisen (Barnett) from 
the dissimilarity of the corresponding dicarboxylic acid, m. p. 340°, 
obtained by the oxidation of this dimethylquinone (Elbs and 
Eurich), with that obtained from other sources (Scholl and Swinger, 
Ber., 1911, 44, 2992), m. p. 208°, and undoubtedly having the 
1 : 2 structure, is rendered uncertain, since the former acid of 
high m. p. obtained by Elbs may have come from either constituent 
of the isomeric mixture on oxidation, a possibility independently 
indicated by the fact that the latest worker (Heller) finds that 
this acid, made by the method of Elbs and Eurich, but obtained 
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in a purer condition, does not melt at 340°, the temperature they 
state. 

Moreover, the only remaining argument in favour of the 2 : 3 
structure for all these substances (Elbs and Eurich) is that on 
reduction a dimethylanthracene has been produced, whilst a sub- 
stance with a methyl group in the position 1 would in all probability 
have given quite a different type of compound, owing to the simul- 
taneous interaction of this methyl group with the reduced carbonyl 
group of the anthraquinone radicle ; but this argument is also 
rendered invalid, since the specimen of dimethylanthracene obtained 
may, like the dicarboxylic acid just mentioned, have come from 
either constituent of the isomeric mixture used, especially as no 
good yield is claimed in the description of this experiment. 

For some time after the conclusion of the war o-xylene was 
unobtainable, and the author wishes to take this opportunity of 
expressing his thanks to Professor Crossley for very kindly offering 
a large private supply of this pure chemical to enable the work to 
be restarted, and the problem of the structure of these materials 
to be solved, 

Phthalio anhydride and o-xylene were allowed to react in the 
presence of aluminium chloride to give o-dimethylbenzoylbenzoic 
acid as usual, and this acid was then dehydrated in a manner 
similar to that used by previous experimenters, but both possible 
o-dimethylanthraquinones resulted, and each has successfully been 
isolated. 

At first, in view of the published statements already referred to, 
that reaction (e) was very improbable, it might be supposed that 
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the isolation of both III and IV (although it was not known which 
product was represented by which formula) necessarily proved 
the existence both of I and II as requisite intermediate products in 
reactions (a and c) and (b and d) respectively ; but subsequent 
careful fractional crystallisation of the sharply melting benzoyl- 
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benzoic acid used, and separate dehydrations oi the successive 
crops of crystals obtained in this way from different solvents, 
have always yielded both quinones in quantity, whence the whole 
of the benzoylbenzoie acid used is proved to have the structure II, 
since I would be incapable of yielding IV by any reaction, a con- 
clusion as to the structure of the acid which is in accordance with 
previous beliefs and proofs (Meyer, Her., 1882, 15 , 636). 

From this proved constitution of the specimens of acid actually 
used in these particular experiments, it necessarily follows that 
products III and IV must have the constitutions here assigned 
to them, unless wandering of the methyl groups has occurred; 
and such wandering, moreover, does not take place during these 
reactions, for, as will be shown later, each of these isomerides 
oxidises to a corresponding o-dicarboxylic acid capable of forming 
an anhydride. 

The prdof as to which isomeride is represented by the 1 : 2- and 
which by the 2 : 3-dimethyl structure has been achieved by com- 
paring these acids with the 1 : 2-dicarboxylic acid prepared by 
Scholl and Schwinger ; and has then been independently confirmed 
by condensing both the 1 : 2- and the 2 : 3-anhydrides with benzene 
to give 1 : 2-phthaloylanthraquinone (VII) and dinaphthanthra- 
diquinone (VIII) (compare Philippi, ilonatsh., 1911, 32 , 631; 
Scholl and Seer, Annalcn, 1912, 394 , 159; Mills and Mills, T., 
1912, 101 , 2194) respectively, thus : 
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As shown by the above formulae, the established identity of these 
products satisfactorily fixes the structure of all the materials* 
involved, the quinone with m. p. 150° being therefore the 1 : 2- 
dimethylanthraquinone , and the other, m. p. 208°, the 2:3- 
dimethylquinone. Elbs and Eurich, whose quinone melted at 
183 ,■ must consequently have been dealing with a mixture of 
these two, and the specimens of higher m. p. described by Lim- 
pricht, m. p. 200°, and Heller, m. p. 205°, must also have been 
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mixtures, but increasingly rich in the 2 : 3-dimethyl isomeride. Of 
these, only the specimen (m. p. 183°) of Elbs and Eurich was 
employed for supposed structural identification, and, as is now- 
seen, it must certainly have contained the quinones of both possible 
orfAo-structures in very considerable quantities, and it must, more, 
over, have given rise therefore to mixed derivatives belonging both 
to the 1 : 2 and the 2 : 3 series of substituted anthracene anti 
anthraquinone products. Further, the quinone described by 
Willgerodt and Maffezzoli, and supposed by them to be the pure 
2 : 3-dimethyl isomeride, which they used in their preparation of 
the dicarboxylic acid required for the attempted synthesis of the 
anthraquinone analogue of indigo, was almost certainly the same 
mixture as that used by Elbs and Eurich, since its preparation was 
stated to be identical with theirs, and since no difference was 
recorded between its properties and those which Elbs and Eurich 
had already described, This lack of evidence as to isomeric purity 
is doubly unfortunate in this particular case, in so far that not 
only are the constitutions of all the interesting substances syn- 
thesised thus rendered uncertain (for, from the details given, some 
at least, for example, the dicarboxylic acid and its anhydride, must 
have been mixtures), but, also, although it has never been so 
claimed, their work would have been an entirely successful deter- 
mination of the structure of all these orffm-disubstituted anthra- 
quinones now in doubt, had the isomeric purity of the initial 
dimethylquinone previously been assured; because from this 
dimethylquinone the dicarboxylic acid was prepared (m. p. not 
stated) and this was successfully converted into an anhydride, 
imide, half amide, and amino-acid, and the last compound was 
proved to have both its amino- and its carboxyl groups in p-positions 
by the elimination of each alternatively, leading to identifiable 
P-monosubstituted anthraquinones in both cases, thus : 
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A repetition of this work with either of the now separated iso- 
merides has not, however, as yet been undertaken, owing to the 
previously mentioned method of determination of structure having 
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offered less experimental difficulty, and having afforded, in addition, 
an independent confirmation of the structure of the second isomeride, 
and of its 1 : 2 series of derivatives, as already explained. 

Anthracene- and anthraquinone-2 : 3-dicarboxylic acids, 2 : 3- 
dimethylanthracene and dimethylanthranol, the above-mentioned 
compounds of Willgerodt and Maffezzoli, and all substances con- 
nected with these, are examples of compounds the characterisation 
of which has suffered from the existence of this unsuspected 1 : 2- 
dimethyl isomeride in what has previously been accepted as the 
pure 2 : 3-quinone. Certain of these compounds have now been 
prepared isomerically pure, as described in the experimental portions 
of this paper, whilst others, and also many corresponding reactions 
in the 1:2 -series, are at present under investigation by another 
member of this College. 

Experimental. 

o-3 : i-Dimethylbenzoylbenzoic Acid : Abse.nce of its Isomeride. 

This was prepared by reaction (a), the method of Elbs and 
Eurich (loc. cit.\ compare Limpricht, loc. dt . ; Willgerodt and 
Maffezzoli, loc. cil.-, Heller, loc. cit.), but after the acid had been 
obtained in a pure condition with a sharp melting point, it was, 
nevertheless, fractionally crystallised from chloroform, and also 
from acetic acid, many times, the various crops of crystals being 
then separately submitted to reactions (c) and (d) as described below. 
Since both these possible dehydrations always occurred simul- 
taneously, yielding both III and I\ in quantity from every fraction 
of acid used, all confusion due to the possible presence of o - 2 : 3- 
dimethylbenzoylbenzoic acid (I) in the following experiments has 
been entirely eliminated, this isomeride being incapable of yielding 
IV under any conditions: and thus the arguments used in the 
theoretical and in subsequent portions of this paper have been 
justified, and any trouble which might otherwise have arisen owing 
to the possible presence of the m- or p-isomeridc in the o-xylene 
has also been obviated. 


1 : '2-Dimethylanthraqmnone (III). 

A mixture containing about 80 per cent, of the 2 : 3- and about 
-0 per cent, of the i : 2-isomcride was prepared by reactions (c) 
and (d) simultaneously from each of the fractions of the dimethyl- 
benzoylbenzoic acid mentioned above, by a method similar to 
that used by Elbs and Eurich, and later investigators, for the 
preparation of the mixed quinones. One part of the benzoyl- 
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benzoic acid dissolved, in 10 parts by weight of- concentrated sul- 
phuric acid was warmed gradually to 125° during half an hour, 
kept at this temperature for fifteen minutes, and then poured on 
ice. The precipitated light yellow powder was filtered, washed 
with water, sodium hydroxide solution, and again with water, 
and dried in a steam-oven. The dry powder, the yield of which 
was almost theoretical, was found to correspond with what previous 
experimenters have described as slightly impure 2 : 3-dimethyl- 
anthraquinone. 

The 1 : 2-dimethylquinone was isolated from this mixture by 
taking advantage of the varying solubilities of the isomerides in 
acetic acid and acetone. A solution containing 12 c.c. of boiling 
glacial acetic acid for every gram of the isomeric mixture was 
filtered, allowed to cool, and kept during one hour. The crystals 
obtained were removed, and the mother-liquor was largely diluted 
with cold water, when a very pale powder separated. This was 
filtered off, washed with sodium hydroxide solution and water, 
dried, and crystallised from acetone several times. Quick crystal- 
lisation, caused by the addition of a small quantity of the pure 
material to the cooled, supersaturated solution, was used after 
this had once been obtained, and filtration was then carried out 
before crystallisation of the 2 : 3-isomeridc had taken place. In 
some cases a final crystallisation from glacial acetic acid was also 
performed in order to leave the product in a state comparable with 
that of its isomeride in these experiments, but this had no effect 
on the properties of the washed and dried substance. From either 
solvent small clusters of nearly white needle, crystals, in. p. 150°, 
were obtained, soluble in ether, alcohol, or benzene, and stable 
to alkalis and to hot alkaline potassium permanganate. A red 
coloration was produced, however, when this material was treated 
with ammonia and zinc dust (Found : C = 81-2; H — 5-1. Calc., 
C = 81-36 ; H = 5-08 per cent,.). Tts structure is proved by its 
method of formation and its oxidation to the 1 : 2-dic.arboxylic 
acid described below, and is confirmed by the condensation of its 
2 : 3-isomeride with benzene, as has been explained in the theoretical 
portion. 


2 : 3-ljimethylanthraquinone (IV). 

The isomerically pure 2 : 3-dimethylquinone was obtained from 
the crystals deposited during the first, or acetic acid, crystallisation 
referred to in the preceding preparation. These .were recrystallised 
several times from fresh glacial acetic acid, then washed with 
water, and dried in an air-oven. With the exception of the higher 
melting point (208°) already referred to, the properties of this 



AND THEIR DERIVATIVES. 


1579 


substance did not differ from those given by previous experimenters 
for the unseparated isomerides (Elbs and Eurieh, loc. at . ; m. p. 
183 °) (Pound: 0 = 81-3; H = 51. Calc., C = 81-36; H = 508 
per cent.). 


■\nthraquinone-2 ; ^-diearboxylie, Arid avd its Anhydride. 

The isomerically pure 2 : 3-dimethylanthraquinone was oxidised 
to the corresponding diearboxylie acid in a manner similar to 
that by which Elbs and Eurieh oxidised the mixed quinones. 
One part by weight of the pure quinone was heated with 
seven parts of diluted nitric acid (D 1-1) at 200° for six hours. 
The crystalline product was filtered, washed with water, and 
recrystallised from acetic acid. The crude product, the yield of 
which was almost theoretical, did not melt at 350° (compare Elbs, 
m. p. 340°). In its general properties it was in agreement with 
Elbs’ diearboxylie acid ; no coloration was produced during solution 
iu alkalis, however, unlike the specimen described by Elbs, which 
appears therefore also to have been a mixture of the two possible 
isomeric forms, as were the quinones from which it was made. 
The acid readily passed into an anhydride by treatment with 
acetic anhydride, pr by fusion or sublimation. This did not melt 
at 300° (compare Elbs and Eurieh, m. p. 290°), but otherwise its 
properties were similar to those of the anhydride previously de- 
scribed (Found for the acid : C = 64-7 ; H — 2-9. Calc., C = 
84'86; H = 2'7 per cent. Found for the anhydride : C — 69-4; 
H = 2-5. Calc., C - 60-1 ; H = 2-2 per cent.).' 

A comparison of the properties of these substances, especially 
their high melting points, with those of the corresponding acid 
and its anhydride made from the 1 : 2-dimcthylanthraquinonc, as 
described immediately below, will be seen to prove this acid to 
be definitely the 2 : 3-dicarboxylic isomeride. 


Anthraquinone-1 : 2-dicarbo.rylic Acid mid Us Anhydride. 

The oxidation of the 1 : 2-dimethylanthraquinone to its corre- 
sponding diearboxylie acid was identical in method with that used 
for its isomeride, except that a temperature ten degrees lower was 
found advisable. The yield was again very good, a mass of fine 
yellow needles resulting, which, when crystallised from water, 
melted at about 265°, and when treated with acetic anhydride 
precipitated the corresponding anhydride, m. p. 320° (approx.); 
sad in other respects the properties agreed with the recorded 
descriptions of this substance (Badische Auilm & Soda-Fabrik, 
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Ft. Pat. 1910, 423986; Scholl and Schwinger, Ber., 1911, 44, 
2992 ; Scholl, D.R.-P. 1911, 241624; 1911, 243077). Since ail the 
specimens previously described have been prepared by the breaking 
of a benzene ring attached in the 1 : 2 positions to an anthraquinone 
radicle, there can be no doubt that the carboxyl groups, and the 
methyl groups of the o-dimethylanthraquinone from which it was 
prepared, are also in the 1 : 2 positions, as has already been 
explained. 

Dinaphthanthradiquinone (VIII). 

Dinaphthanthradiquinone (h'n.-dibenz-l : 4 : 5 : 8-anthradiquin- 
one) has been successfully prepared from 2 : 3-dimethyIanthra. 
quinone, thus independently confirming its 2 : 3 structure. The 
anhydride (10 grams) of the diearhoxylic acid prepared as described 
above, was warmed with benzene (1 litre) and aluminium chloride 
(10 grams) until the reaction started, and the mixture was cautiously 
heated throughout the progress of the reaction until hydrogen 
chloride ceased to be evolved. The reddish-yellow product was 
treated with water and hydrochloric acid, and was extracted with 
further portions of benzene. These extracts were evaporated anil 
to their residue was added a yellow solid which had remained 
undissolved during the extractions. This product was then purified 
by precipitation from solution as an ammonium salt, but this 
purification of the acid led to so much difficulty that it lias not 
as yet been completed, although the crude acid obtained was 
sufficiently pure to be dehydrated. It was heated gradually in 
twenty parts by weight of concentrated sulphuric acid to 110 1 * 3 * , 
and maintained at that temperature for ten minutes, after which 
the black solution was filtered through glass wool, and diluted 
largely with water. The precipitate was washed with sodium 
hydroxide solution, and w ith water, then with a little glacial acetic 
acid. It was reerystallised from fresh glacial acetic acid, and 
finally was sublimed, when golden-yellow needles, stable up to, 
and melting at, a little more than 400°, w ere obtained. Independent 
proof was thus afforded of 7 -ie 2 : 3 positions of the carboxyl groups 
in this molecule, as dinaphthanthradiquinone has already been 
proved to have a linear constitution (Philippi, loc. cil. ; Mills and 
Mills, loc. cit. ; Scholl and Seer, loc. cil.) (Found : C = 78-4 ; H=2-9. 
Calc., C — 78-1 ; II — 2-96 per cent.). 


1 : 2 -PAtkalm/lanthraquinone (VII). 

This substance was prepared in an exactly similar manner to 

that used in the case of its isomcride, the intermediate compound 

formed from the condensation of anthraquinone-1 : 2-dicarboxylic 
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acid with excess of benzene in the presence of aluminium chloride 
again not being isolated, owing to the difficulties experienced in 
its attempted purification. The crude product of the condensation 
was therefore partly purified as an ammonium salt and then im- 
mediately dehydrated by treatment with twenty parts by weight 
of concentrated sulphuric acid at a temperature of 110° during 
twenty minutes. The black liquid which resulted was filtered 
through glass wool, and poured into water, when a dark solid 
separated. This was washed with water and with dilute sodium 
hydroxide solution, and, after being dried, was crystallised from 
glacial acetic acid and boiling nitrobenzene. 1 : 2-Phthaloyl- 
anthraquinone was thus obtained as a greenish-yellow, acicular, 
crystalline product which decomposed before a definite melting 
point could be taken. Sublimation has not been successful, and 
combustion indicates that the material was not quite pure (Found : 
C = 78-6 ; H = 2-8. Calc., C — 78-1 ; H = 2-96 per cent.). 

2 : 3- [Hmethylanlliraceiic . 

Pure 2 : 3-dimethylanthraquinone was reduced by the method 
of Elbs and Eurich, and the product was found closely to resemble 
the dimethylanthraeene they describe ( Ber 1887, 20 , 1361 ; J, pr. 
Chew.., 1890, [ii], 41, 6), although the melting point was slightly 
higher, presumably owing to the absence of reduction products of 
the 1:2 series. This preparation of I lie anthracene from the 
purified 2 : 3-dimcthylanthraquinone allows Elbs' argument as to 
the structure of these materials again to be applied as a probability, 
although the attempted reduction of the other isomeridc has not as 
yet confirmed the formation of an inner ring such as is required by 
these considerations (Found : C — 92-9 ; H = 6-7. Calc., C — 93-2 ; 
H = 6-8 per cent.). 


Anthracene-- : 3 -dicarborylte Acid. 

Pure anthraquinone-2 : 3-dicarboxylic acid was mixed with a large 
excess of zinc dust (six parts by weight) and dissolved in ammonia 
solution to which an equal volume of water had been added, 100 e.c. 
of this ammonia solution being used for every gram of the acid taken. 
The whole charge was then heated with constant shaking on the 
water-bath during two hours, when the pure anthracenedicarboxylic 
acid was precipitated from the hot filtered solution by the addition 
of hydrochloric acid, and was recrystallised from boiling alcohol- 
Small crystals were obtained which did not melt at 350°, but which 
"’ere capable of sublimation to the anhydride as stated hy Elbs 



1582 


INGOLD AND PERREN : EXPERIMENTS ON THE 


(Found : C = 71-9; H = 3-7. Calc., C = 72'2; H = 3'8 per 
cent.). 


The o -Dimethylanihran ds and Other Reduction Products. 

Limpricht {Annalen, 1900, 312, 99) reduced 3 : 4-dimethyl- 
benzoylbenzoic acid to the corresponding dimethylbenzylbenzoic 
acid, and he then dehydrated this, obtaining the dimethylanthranol, 
which he classified as the 2 : 3-isomeride, giving as evidence that 
oxidation produced an o-dimethylanthraquinone, m. p. 200°. 
From experiments so far carried out it would appear, however, 
that, just as in the case of the dehydration of the benzoylated acid, 
in which both isomerides result, so also in the dehydration of the 
benzylated acid both possible isomerides again result, and that the 
compounds described by Limpricht, including the final quinone, 
were 1 : 2- and 2 : 3-dimethylated isomeric mixtures, particularly 
rich, however, in the 2 : 3-form. The attempted isolation of the 
substances belonging to the 1 : 2 series in these reactions, and also 
the reduction products of the members of this 1 : 2 series men- 
tioned previously, are at present under investigation by another 
member of this College. 

In conclusion, the author wishes to take this opportunity of 
expressing his appreciation of the interest taken by Professor 
Smiles in the arguments put forward in this paper. 

King’s College, Univkksitv or London, 

Strand, W.C.2, [Received, July 22nd, *,1921.] 


CLXXXI V.— Expert writs on the Synthesis of the 
Polyacetic Acids of Methane. Part III. Con- 
ditions Controlling Synthesis by the Cyanoacetic 
Ester Method — (continued). 

By Christopher Kelk Inooi.h and Edward Arthur Perren. 

The conditions which appear to govern the synthesis of the 
raethanetriacetie acids by the interaction of ethyl sodiocyanoacetate 
either with halogen compounds or with the esters of unsaturated 
acids have been examined in some detail in a recent communication 
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(Fart I, this vol., p. 341) and have been shown to be most intimately 
bound up with that peculiar molecular condition of which glutaconic 
acid affords the best known and most typical example. The present 
paper deals with another controlling factor of equal importance 
in the devising of such synthetical methods, and also of some 
general interest in so far as it is concerned with the reversibility, 
under certain conditions, of the Michael reaction. 

At an early stage of the investigation just referred to it had 
become apparent that the difficulty attending the formation, for 
example, of the ester II (which on hydrolysis yields methanetri- 
acetic acid, IV) by the condensation of ethyl sodiocyanoacetate 
with ethyl glutaconate (I) was to be ascribed to the fact that under 
customary experimental conditions ethyl glutaconate, consists 
almost entirely of its “ normal ” modification (III). Such “ normal ” 
glutaconic acid derivatives do not behave as ordinary unsaturated 
wmpounds; they condense, for instance, with ethyl sodiocyano- 
acetate with great reluctance and in an abnormal manner, yielding 
products of 1 : 3-addition, as, indeed, the “ semi-aromatic ” mode 
of representation requires. Plainly, therefore, unless some special 
device be employed, such as utilising the unsaturated modification 


-PW .m Kf /C rlw’L/UoM 

CH ^CH-CO Et + CHNa(CN)-C0 2 Et -> CH( CNa(CN)-C0 2 Et 




CHj-COjEt 
(II.) 


ptr /CH'CO.Et 
^ *''CH'C0 2 Et 

(ill.) 


CH(-CH 2 -C0 2 H 


(IV.) 


of the glutaconic acid derivative in the nascent condition (this 
vol., p. 492), no condensation product of the required type can 
be expected, except from glutaconic acid derivatives the unsaturated 
forms of which are considerably more stable than that of glutaconic 
ester itself. 

In the course of an extended series of researches Thorpe and 
his collaborators have shown that the presence of substituents in 
the imposition in derivatives of glutaconic acid increases the 
permanence of the unsaturated phase to a very notable degree; 
and it was for this reason that we decided to investigate certain 
esters of a-substituted glutaconic acids with respect to their capacity 
for entering into condensation with cyanoacetic ester. 

The four substances which up to the present time have been 
examined in this connexion are ethyl x-carboxyglutaconate (ethyl 
•waoonitate) (V), ethyl ay-dicarboxvglutaconate (VI), ethyl x-carb- 
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oxy-y-methylglutaconat-e (VII), and ethyl ay-dicarboxy-ct-methyl. 
glutaeonate (VIII) : 


(C0 2 Et) a CH-CH:CH'C0 2 Et 

(V.) 


(C0 2 Et) 2 CH-CH:C(C0 2 Et) 2 

(VI.) 


(C0jEt) s CH-CH:CMe-CO 2 Et 

(VII.) 


(C0 2 Et) 2 CMe-CH:C(C0 2 Et) 2 

(VIII.) 


All these substances readily reacted with ethyl sodiocyanoacetate, 
and no evidence was obtained of their possessing any tendency 
to pass into their normal modifications (the ester VIII, clearly, 
has no normal form) under the experimental conditions employed. 
Nevertheless, the products of these condensations, excepting in 
one instance in special circumstances (p. 1586), contained no trace 
of the expected derivatives of methanetriacetic acid, but consisted 
almost wholly of fission products formed from these substances 
by a remarkable decomposition having the character of a retrograde 
Michael reaction. 

The ester V, for instance, gave initially a condensation product 
(IX), which then underwent complete fission into ethyl ct-cyano 
glutaeonate (X) and ethyl malonate (XI) : 


CH <CH(C0!lt) 2 + CH 2 (CN)-C0 2 Et - 


/CH(CN)' 

nu ./-’A 


CO,Et 


(V.) 


- CH(-CH 2 -C0 2 Et 
x CH(C0 2 Et) 2 
(IX.) 




(X.) 


(XI.) 


The products were purified and identified with some considerable 
care, the ethyl malonate, for instance, by its boiling point, by 
analysis, and by conversion into malonamide. Ethyl a-cyano- 
glutaconate has been prepared both by Guthzeit and Eyssen 
{J. pr. Ghent., 1009, [ii], 80, 41) and by Verkade ( K . Akad. Wetensck 
Amsterdam, 1010, 27, 1132), whose descriptions closely agree with 
our own observations. The substance, however, was analysed and 
its identity fully confirmed by converting it into the crystalline 
ethyl derivative, CO 2 Et*Crt:CH*CEt(0N)'CO 2 Et (XII), obtained by 
Guthzeit and Eyssen ( loc . cit., p. 44). 

That the equations given above correctly represent the course 
of the reaction is, we believe, conclusively proved by the experi- 
ments described hereunder. In particular, the second reaction, 
involving as it does the elimination of ethyl malonate from a 
substance in which a number of substituted acetic acid residues 
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are attached to the same carbon atom, is typical of the decom- 
Dositions described in this paper ; and it may be stated at once 
that the general character of the determining conditions, so far 
as we have been able to discover them, appears to be concerned 
with the accumulation at the same carbon atom of several branched- 
cliain acetic acid residues, for, whenever this accumulation over- 
steps a certain limit, one of the groups, usually the largest, will 
he eliminated from the molecule. 

The ultimate cause of the reaction would therefore appear to 
be largely spatial in character and to be closely connected with 
the considerations recently put forward (this vol., p. 305, 951) 
relating to the distribution of groups of different volume around 
the methane carbon atom. 

In extending the study of this reaction it was necessary in the 
first place to prove that it had some generality of application, 
and dicarboxyglutaconie ester (VI) was therefore investigated. 
This ester has one branched acetic acid chain more than ethyl iso- 
aconitate, and there should be an opportunity for two separate 
ethyl malonate residues to become eliminated from the original 
condensation product with ethyl cyanoacetate. Moreover, from 
what has been said it will be anticipated that, in view of the presence 
of the additional branched chain, it might be possible to observe 
some tendency, at least, towards the elimination of both ethyl 
malonate residues from the molecule. 

The main products obtained by the action of ethyl sodiocyano- 
acctate on ethyl dicarboxyglutaconate, or rather on its very stable 
sodio-derivative (Conrad and Guthzeit, Ber., 1882, 15, 284), were 
ethyl malonate and a yellow oil, which, although it could not be 
purified by distillation, gave on analysis figures approximating 
to those required for the cyanocarboxyglutaconic ester (XIII). 
In reality its principal constituent was this ester, which was 
separated in the pure condition by regeneration from its mono- 
sodio-derivative, a yellow, sparingly soluble substance very similar 
in all essential respects to the sodio-compound of ethyl dicarboxy- 
glutaconate first prepared by Conrad and Guthzeit. 

As an additional control on its constitution, the cyano-ester 
was subjected to regulated hydrolysis by hydrochloric acid, with 
which it reacted with extraordinary ease to form an acid cyano- 
ster (XIV). This, however, in the presence of the reagent, rapidly 
passed, by an internal rearrangement of a very familiar type 
(compare the formation of phthalimide from o-cyanobenzoic acid), 
into the well-known ester-imide of dicarboxyglutaconie acid (ethyl 
6-hydroxy -2-keto- A s 5 -dihydropyridine-3 : 5-dicarboxy late, *a form 
of ethyl 2 : 6-dihydroxynicotinate, XV) (Guthzeit, Ber., 1893, 
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26, 2796; Errera, Ber., 1898, 31, 1243; Guthzeit and Eyssen, 
loc. cit 


Pl r/CH(CN)-CO,Et 

CH< C(C0 2 Et) 2 


r , H<C'H(C0 2 Et)-CN 

LH ^C(C0 2 Et)-C0 2 H 


(XIII.) 


(XIV.) 




(XV.) 


Besides ethyl a-cyano-y-carboxyglutaeonate and ethyl malonate, 
a small quantity of a crystalline material was isolated from the 
condensation product, and was identified as ethyl uy-dioyano- 
glutaconate (Errera, Gazzeita, 1898, [ii], 27, 393; Ruhemann and 
Browning, T., 1898, 65, 280) (XVIII). The same substance was 
produced when ethyl eyanoearboxyglutaconate was treated with 
ethyl sodiocyanoacetate, and its formation in the original con- 
densation must therefore have involved the production and sub- 
sequent fission of two methanetriacetic acid derivatives (XVI and 
XVII) by a series of direct and retrograde Michael condensations : 


cH <tSS? 2 


/CH(C0 2 Et) 2 

CHfCH(C0 2 Et) 2 

x CH(CN)-C0 2 Et 

(XVI.) 


(VI.) 

^ n< CH(CN)-C0 2 Et 
■ (XIII.) 


CH 2 (C0 2 Et) 2 


/CH(CN)‘CO, 

nxi/rvi 


,Et 

CHr-CH(C0 2 Et) 2 
x CH(CN)-C0 2 Et 
(XVII.) 


f , H< yCH(CN)-C0 2 Et 

Ltl% C(CN)-C0 2 Et 

(XVIII.) 


+ CH 2 (C0 2 Et) 2 


This therefore is a noteworthy extension of the reaction previously 
described. However, the yield of ethyl dicyanoglut-aconate was 
never large * and it was not found possible to distinguish satis- 
factorily between the first and the second molecule of ethyl malonate 
eliminated during the .-iccessive fission reactions. Moreover, 
owing to the slight solubility in cold alcohol of the sodio-derivatives 
of ethyl eyanoearboxyglutaconate and ethyl dicarboxyglutaconate, 
it was impossible to conduct, the series of changes at a low tem- 
perature (compare below); for this reason, and also because 


* Reference to two papers by Verkade ( K . Alcad. Wetensch, Amsterdam, 
1915, 24, 865 ; 1919, 27, 1130) on ethyl eyanoglutaconate will suggest possible 
reasons for this. 
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fractional distillation as a means of separating the products was 
impracticable, experiments on the isolation of the intermediate 
methanetriacetio acid derivatives met with no success. 

Therefore we turned to another example, namely, that afforded 
by the condensation of ethyl a-eyano-y-methylglutaconate (VII). 
Here the two substituted acetic acid residues, which, by analogyj 
one would expect to find as elimination products of the fission 
reactions, are not identical; one should be eliminated as ethyl 
malonate and the other as ethyl propionate, and by isolating 
and identifying these it should be possible to follow in detail the 
successive stages of the process. Actually, although the main 
products under the usual experimental conditions were ethyl 
a-cyano-y-methylglutaconate (XX) and ethyl malonate, the 
quantity of ethyl dicyanoglutaconate (XVIII) produced was very 
considerable if the time allowed were prolonged; and, moreover, 
it was found possible in this case to separate and satisfactorily 
to identify ethyl propionate, the second of the eliminated residues 
Further, by conducting the condensation at a low temperature, 
the later stages of the process became arrested to such a degree 
as to render practicable the isolation of the w-methylmethane- 
iacetio acid derivative (XIX) originally formed. The complete 
lies of changes is therefore as follows : 


CHr-CHMe-CCLEt 

'CH(CN)-C0 2 Et 


(XIX.) 


CMe-C6 2 Et 

(VII.) 

nrr^CMe'COjEt . , , . 

LH< CH(CN)-C0 2 Et + CH 2 (C0 2 Et) 2 

(XX.) 


/ CH(CN) , C0 2 Et 

CHv-CHMe , C0 2 Et 

'CH(CN)-C0 2 Et 

(XXI.) 


(' h <CH(CN)-CO,Et . „„„ 
CH %fW(U.h + CH 2 5 


% C(CN)-CO,E"t 

(XVIII.) 


2 Me , C0 2 Et 

(XXII.) 


Perhaps it should be added here that the course pursued by the 
indensation was in reality rather more complicated than’ this, 
ring to the extraordinary tendency possessed by the cyano- 
ethylglutaconic ester to pass into a crystalline cyano-ester (m. p. 
1 '• "'Mch may provisionally bo represented by the formula XXIII ; 
b on hydrolysis by means of acids, it yielded a tetrabasic acid 
“■ P’ wWch, there is good reason to believe, is an acid ( XXI V) 
“longing to the cyclobutane series : 

VOL. CXIX. 


3.1 
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C0 2 Et-CH(CN)-CH- CMe-C0 2 Et 

C0 2 Et-CMe-CH-CH(CN)-C0 2 Et 

(XXIII.) 


C0 2 H-CH 2 -CH-CMc-C 0 2 H 
C0 2 H • CMe-CIf •CH 2 'C0 2 H 
(XXIV.) 

The formation of these substances is, of course, part of the wider 
question, discussed in a recent paper by one of us (this vol., p. 951), 
relating to the ease of formation and the stability of c^elobutane 
derivatives. Further papers on this and allied subjects will shortly 
be presented to the Society; in the meantime, with regard to tb- 
example under consideration, it may merely be stated that th 
reaction leading to the ester, m. p. 87°, appears to be favoured b 
the use of a slight deficit of sodium et.boxide, and that in thes 
circumstances its formation often occurs to such ail extent as t 
suppress almost completely all products formed (compare tin 
scheme outlined above) subsequently to the cyano-ester (XX). 

All products of the condensation were carefully identified, thi 
liquids, after analysis, being converted into crystalline derivatives 
which were then directly compared with authentic specimens 
Ethyl propionate and ethyl malonate were converted into pro 
pionamide and rnalonamide respectively. The cyanomethylgluf 
aconic ester (XX) was hydrolysed to a-methylglutaconic acid 
which proved to be identical with a specimen of this acid kindly 
lent by Prof. J. F. Thorpe. The methanetriacetic acid derivative 
(XIX), on hydrolysis, gave w-methylmethanetriacetic acid (XXVII), 
which, as a degradation product of quinine (Skraup, Monaish., 
1900, 21, 879) and on account of its close relationship with iso- 
camphoronic acid (XXVIII), is an acid of considerable interest. 
We have synthesised it for comparison with the acid obtained 
from the condensation product by a method which should leave 
no doubt as to its constitution : ethyl w-cyanomethanetriacetate 
(XXV'J (Ingold, loc. cil.) was converted into its sodio-derivative 
and then methylated ; the methylated ester (XXVI), 

/t‘H 2 -C0 2 E /CH 2 -CO z Et 

CH\CH(CN)-(I0 2 Et — > CIl( CMe(CN)-CO,Et 
\.TI 2 'CO.,Et \lH 2 .C0 3 Et 

( xxv -) | (XXVI.) 
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ideniical in all respects with the substance obtained from the 
products of the condensation described above ** 

From what has been said it might at first 
able that the esters XXV and XXVI should' be remar ! i ' 

they are, quite stable towards boiling alcoholic sniT appa u rently 
solution. If, however, ** £■* 

xvi xvii, xix, „ XX,,: rsysss cs* ,«• 

»" * I*",'” Mb *U ohota “ft 

nr^'r SLXcitrrr j- * * 

That some such limit should exist is i„ f u ]| , larm wjth ^ 
spahal view of the matter, which, for reasons that cannot her 
be fuUy crtered into, we have been led to adopt. There must be 

as this. The question of definition requires e'xpe'riSrbll 
on a wider plan, and some of these have now t, “ 

By this means it is hoped, the problem may be ^“ng 
some at least of its principal directions but in t o„ P ,. g 
has seemed desirable to obtain some confi r f emtlme 14 

« iin e *”™' 

,i;t ^a , ! srr ‘ *r 

stances reacted at the the two sub- 

*« h, s :i:: rr, ~ r- 




/CMe(CO,Et), 

- > CH(cH(CX).CO„Et -> 

, x ( 'H((.'o„Kt >; 

(VIII 1 2 '2 

1 ■' (XXIX.) 

<:H< 0H(CX)-CO 2 Et , 

v(C0 2 Et) 2 +CHMe(C0 2 Et) 2 

The * XIII d (XXX.) 

s t«-imidc (XVjl^d^the M) ana ! y ! IS a " d by < ' nilversio ' 1 into the 
he amide. The interm r r'\ ” >-V analy- ‘ ! ‘ s an( i '’'inversion into 
intermediate methanetnacetic acid derivative 

3 1 2 
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(XXIX) must have been very short-lived, for, in spite of the low 
temperature at which the condensation was carried out, no trace 
of it could be isolated. 


When the nature of these condensations had been elucidated 
the literature was searched for accounts of reactions having a 
similar character. The only example, however, which could be 
found of a reaction apparently involving a retrograde Michael 
condensation is the observation by Kotz and Zornig ( j . pr. Chen. 
1906, [ii], 74, 427, Anmerkung) that ethyl benzylmalonate can be 
isolated from the product formed when ethyl sodiomalonate is 
allowed to react with ethyl ay-dicarboxy-a-methylglutaeonatc 

The mechanism of this reaction is doubtless analogous to that of 
the condensations described above, although Kotz and Zbruisr 
do not appear to have examined their product as closely as i, 
desirable for the purpose of establishing the matter definitely. 
There are, however, on record a very large number of reactions 
in which the operation of the factors governing the phenomena 
discussed in the present paper is to be traced. Thus Kotz and 
Zornig carried out many condensations between chloroform and 
the sodium compounds of various ketones, esters, and nitriles 
(for example, deoxybenzoin, ethyl methyhnalonate, malononitrile) 
with the object of preparing compounds in which three organic 
residues had become attached to the methane carbon atom supplied 
by the chloroform. In no case, however, was a product of this 
constitution obtained, the sodium compound employed invariably 
reacting after the manner of ethyl sodiomalonate, if that were 
possible, or, in the ease of compounds lacking the hydrogen atom 
necessary for this type of condensation, in such a way as to leave 
one of the halogen atoms of the chloroform molecule undisturbed, 


The reason for this is not difficult to discover ; for in ail the cases 
investigated the desired condensation products, had they been 
obtained, would have contained three branched acetic acid chains, 
a condition of the molecule incompatible with stability. 

An illuminating instance of the elimination of a substituted 
acetic acid iesidue in a totally different type of reaction is that 
furnished by the convcrs.on of ethyl aa'-dibromocyc/ohexane-l : 1- 
diacetate to cycfehexylideneacetic acid by hydrolysis (Beesley, 
ingold, and Thorpe, T.. 1915, 107, 1080) : 


CH2< C%CH 2 2 > C <CHBrC0'lt ^ CH *<C^^>C CH -C°2 S - 

Ko reaction of a similar character has been observed with the 
corresponding derivative of pp-dimethylglutaric acid, namely, 
the bromo-ester, CMe 2 (CHBr-C0 2 Et) 2 , a fact which has been 
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it.tributed ( loc . cit.) to the gem-methyl groups together occupying 
'ess of the space surrounding the quaternary carbon atom than 
[he CjHjo 1 residue in the corresponding cyclic compound. The 
'onsideration of this and many similar instances, some of which 
occur in the literature of triphenylmethyl and its analogues, many 
in that which relates to the Michael and Knoovenagel condensations, 
leads, we consider inevitably, to the conclusion that, as suggested 
on n. 1585, spatial causes are at the root of all these phenomena, 
and amongst them the reactions described in this paper. 

[Reference to certain new derivatives of 6-ethoxy-2-pyrone, which 
were obtained incidentally in the course of the research, will be 
found at the end of the experimental portion. 


Experimental. 


(A) Preparation of a-Substituled Glutaconic Esters. 

Ethyl xy-Dicarbozyghitaconale (VI ). — The sodium compound of 
this ester was prepared by Conrad and Guthzeit’s method (Her,, 
1882, 15, 281), certain modifications, however, being introduced 
with the object of improving the yield. Coutelle, who made a 
detailed study of the reaction, states (J. pr. Chon., 1906, [ii], 73, 49) 
that the maximal yield is 41 — 42 per cent, of the theoretical, but 
by the following method it is possible to obtain CO per cent, with 
certainty. 

j Ethyl malonate (100 grains) was added to a solution of sodium 
jethoxide prepared by dissolving 46 grams of sodium in 1 litre of 
absolute ethyl alcohol. When the temperature was between 30“ 
md 35°, chloroform (60 grams) was poured in and the mixture 
illmved to remain until (he violent ebullition caused by the heat 
ieveloped in the reaction had subsided. The mixture was then 
leated for half an hour on a water-bath with a further quantity 
20 grams) of chloroform and filtered while still hot. The yellow 
odium compound (80 grams) separated from the filtrate on cooling 
ud a further 25 grams were obtained by concentrating the mother* 
iquors to about one-sixth of their bull;. 

The free ester was prepared from the sodium compound in the 
ay recommended by Conrad and Guthzeit (loc.. cit.). 

Ethyl n-Carboxyglutaconale ( Ethyl ko.konitak, V ).— For the 
reparation of ethyl fisoaconitatc ethyl dicarboxvglutaconate was 
J converted b y beating at 200° into ethvl 6-ethoxy-2-pyronc- 
: 3 -dicarboxylate, 


C H <C(CO J Et):C(OEt), n 
H '*C(CO,Et)— - CO >0, 
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which was then hydrolysed to the isoaconitate by means of col 
2-5 per cent, aqueous sodium hydroxide, as recommended b 
Guthzeit and Dessel (Ber., 1889, 22, 1413). 

In working up large quantities it was found desirable to purif 
the pyrone carefully by crystallisation from ether, since when thi 
was done it was unnecessary to distil the ethyl isoaeonitate at 
operation which was often troublesome unless carried out witl 
small amounts of material. 

Ethyl tt.y-Dicarboxy-tx-methytyl«laconate (VIII). — This substancj 
was prepared by methylating the yellow sodium compound oi 
ethyl dicarboxyglutaconate in the manner described by Thole ajj 
Thorpe (T., 1911, 99, 2197). 

Ethyl a-carboxy-y-methylyUitaconale (VII) was obtained from 
ethyl dicarboxymethylglutaconate by the action of sodium ethoxitfe 
(Thole and Thorpe, loc. tit.). 


(B) Condensation of Ethyl n-Carboxyglulaeonate ( Ethyl isoAconitate) 
with Ethyl Cyanoacetatc. Isolation of Ethyl x-Cyanoglutacormie 
and Ethyl Malonate. 

Ethyl nsoaconitate (26 grams ; I mol.) was mixed with a sus- 
pension in absolute ethyl alcohol of ethyl sodiooyanoacetate pre. 
pared from 4-8 grams (slightly more than two atoms) of sodium, 
75 c.c. of ethyl alcohol, and 22-6 grants (2 mols.) of ethyl cyano- 
acetate. The mixture, which at once became yellow owing to the 
formation of the sodium compound of ethyl isoaconitatc, was 
allowed to remain for a short time at room temperature, and was 
then heated on the steam-bath for fifteen hours, at the end of 
which time most of the alcohol was distilled off and the residue mixed 
with water. The precipitated oil was extracted with ether, the 
acid substances remaining in the aqueous solution being recovered 
by acidifying and again extracting. 


Ethyl Malonate (XI), 

On distillation under diminished pressure, the neutral ester 
was found to consist chiefly of ethyl malonate, six grams of which 
were obtained in a pure condition, b. p. 104730 mm., by a second 
distillation. ^ I+s identity was proved by analysis (found : C = 52-3; 

•— i 3. Gale., G = 52-5; H — 7-5 per cent.), and by converting 
it into malonamide, which was compared with a known specimen 
and further identified by a mixed melting point determination. 

e alcoholic distillate (above) was saturated with ammonia, 
aTI ’ ^ V0 da y s I&ter, mixed with concentrated aqueous ammonia. 
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[he mixture was kept at room temperature for a further period of 
iiro day 3 ftn d then evaporated in a vacuum. The small residue 
proved to be almost pure malonamide, and, in spite of a careful 
search, no trace of acetamide could be detected (contrast section D). 

The less volatile portion of the neutral fraction was very small 
In amount, but it yielded two crystalline substances, m. p. 116° 
jad 179° respectively, which, however, were not obtained in 
quantities sufficient for further investigation. 


Ethyl a-Cyanoglulaconate (X). 

The acid extract, on evaporation, left a pale yellow, viscous 
oil which could not be distilled; but which was found to consist 
essentially of ethyl cyanoglutaconate. The method of purification 
jjnallv adopted was as follows. The oil was mixed with ether 
and shaken, first with water, and then for several hours with an 
aqueous suspension of precipitated calcium carbonate. The ester 
recovered by drying and evaporating the ethereal solution was 
converted, by mixing with an approximately equivalent quantity 
of ethyl-alcoholic sodium ethoxide, into its sodio-derivative, which 
was precipitated by adding ether, collected, and decomposed by 
means of cold dilute hydrochloric acid. The liberated ester, which 
consisted of pure ethyl cyanoglutaconate, was extracted by means 
of pure ether, the last traces of which were expelled in an evacuated 
desiccator (Found: C — 56-5; H = fi-2; N = 7-0. Calc., C = 
50 . 8 ; H = 6-2; N = 6-7 per cent.). 

The ester corresponded closely in its properties with the substance 
described by Guthzeit and Eyssen (foe. cit.). However, in order 
to identify it with certainty, it was converted by ethylation, by 
means of alcoholic sodium ethoxide and ethyl iodide, into ethyl 
i-cyano-u-ethylglutaconate (XII) (Found: (' = 004; H = 74. 
Calc,, C — 60-2; H — 7-1 per cent.), which had the melting point 
(19°) and “ glass-wool-like ” appearance mentioned by those 
authors. 

(C) Condensation of Ethyl ay-Dkarboxyglutaconate u'ith Ethyl 
Cyanoaeetate : Isolation of Ethyl a-Cyano-y-carboxyglutaeonate, 
Ethyl o.y-Dicyanoqlutaconat<., and Ethyl M (donate. 

Ethyl cyanoaeetate (22-fi grams; 2 mols.) was mixed with a 
solution of sodium ethoxide prepared by dissolving t-6 grams of 
sodium (one atom) in 60 grams of absolute ethyl alcohol. When 
the precipitation of ethyl sodiocyanoacetatc appeared to be com- 
pote, 36 grams (1 mol.) of the recrystallised and finely ground 
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sodium compound of ethyl dicarboxyglntaconate (section A) wet« 
added and the mixture was heated with frequent shaking on a stea ffi . 
bath for a period of eighteen hours, during which the sodiutn 
compound gradually dissolved and another much less strongly 
coloured substance separated from the brown solution. The 
product was poured into dilute hydrochloric acid and extracted 
with ether, the acidic substances being removed from the extract 
by washing with dilute aqueous sodium carbonate solution and 
recovered from the washings by acidifying and again extracting. 


Ethyl Malonate (XI). 

Most of the neutral ester boiled at 90-105°/10 mm., and this 
fraction on redistillation yielded pure ethyl malonate (Found: 
C = 52-4 ; H = 7-5. Calc., C = 52-5; H = 74 per cent.), which 
was satisfactorily identified by converting it into malonamide and 
comparing this with a genuine specimen. 

A very small quantity of material boiling in the neighbourhood 
of 200“/10 mm. was also collected, and this, on keeping for a few 
days, partly solidified. The crystals were drained on porous 
porcelain, washed with ether, and recrystallised twice from this 
solvent. They separated in long needles, m. p. 93-94°, and must 
have consisted of ethyl 6-ethoxy-2-pyrone-3 : 5-dicarboxylate 
(Found: C=54-7; H = 5-6. Calc., 0 = 54-9; H = 5-6 per 
cent.), although at the time none of this material was at hand 
for comparison. On keeping, the crystals partly liquefied, a 
property which the pyrone also possesses. 


Ethyl x-Cyano-y-carboxyghitaconate (XIII). 

The acid extract (above), after being dried with sodium sulphate 
(calcium chloride caused the precipitation of a yellow calcium salt) 
and evaporated, left a yellow, viscous oil, which could not be 
distilled, hut consisted chiefly of ethyl m-cyano-y-carboxyglutaconate 
and a small quantity of ethyl ay-dicyanoglutaconate, crystals of 
which could sometimes b i obtained from it by keeping. The 
crude oil was triturated with cold dilute aqueous sodium hydroxide, 
which converted it into a biscuit-coloured mixture of sparingly 
soluble sodium compounds. These were collected, washed with 
hot water, and decomposed by cold dilute hydrochloric acid, the 
ester liberated being at once extracted with benzene, and the 
extract dried by shaking with sodium sulphate and evaporated 
at room temperature in a vacuum. The ethyl a-cyano-y-carboxy- 
glutaconate thus obtained was a pale yellow oil, giving with aqueous 
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alcoholic feme chloride a deep crimson colour (Found : C = 55-4 ; 
H=6-2; N = 5’4. C 13 H 17 O e N requires C = 55-1 ; H = 6-0; 
K = 5-0 per cent.). 

Xhe ester appears to have been obtained previously by Errera 
[Ber., 1898, 31, 1243) by the action of ethyl cyanoacetate on ethyl 
ethoxymethylenemalonate, but no steps were taken to purify the 
product and no analysis is quoted. 

In order to obtain a further check on the constitution of the 
substance, it was subjected to regulated hydrolysis by hydrochloric 
acid. It dissolved completely in the cold concentrated acid, but 
on warming an oil separated. This oil was, apparently, the acid 
ester (XIV), for on shaking for a few minutes with the hot con- 
centrated acid it was quickly converted into a sparingly soluble, 
crystalline substance, which melted at 199° and had all the char- 
acteristics of ethyl 6-hydroxy-2-keto-A J:s -dihydropyridine (XV) 
(a modification of ethyl 2 : 6-dihydroxynicotinate, and of the 
ur.ide-ester of dicarboxyglutaeonic acid. Compare Guthzeit, Ber., 
1893, 26, -/96, Errera, loc. cit., and Guthzeit and Eyssen, loc, cit.). 

The sodio-compound, obtained in the course of the above separa- 
tion, and prepared from the pure cyano-ester by treatment with 
sodium hydroxide, was a pale yellow, crystalline substance spar- 
ingly soluble in water and alcohol (Found : Na = 7-2. C 13 H u O e NNa 
requires Na = 7-5 per cent.). 

The calcic-derivative, a yellow, crystalline powder, was prepared 
from the cyano-ester, aqueous calcium chloride, and ammonium 
hydroxide (Found : Ca - 6-3. C 26 H 82 0 14 N 2 Ca requires Ca - 6-6 
per cent.). 


Ethyl xy-Dicyanoylutaeoiiate (XV111). 

The washings from the foregoing sodium compounds, on keeping, 
deposited an almost colourless sodium compound, which, on tritura- 
tion with dilute hydrochloric acid, yielded a bright yellow, crystalline 
M stance. This was identified as ethyl dicyanoglutaconate (Errera, 
<E!elta, 1898, [ii], 27, 393; Ruhemann and Browning, loc. cit.) 
y its melting point, 184 — 1 86°, nitrogen content (Found : N — 11-6. 
c., N — 11-8 per cent.), and by direct comparison with an 
authentic specimen. 


emotion of Ethyl xy-LHcyanoylulaconale from Ethyl n-Cyano-y- 
wboxyylutaconate and Ethyl Cyanoacclatc. 

cutes' , Cyanoacetate grams) and ethyl sodio-i-cyano-y- 
tyglutaconate (3 grams) were successively added to a solution 

3 1 * 
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of sodium ethoxidc prepared from 0-23 grain of sodium and 6 grams 
of absolute ethyl alcohol. The mixture was heated on a water-bath 
for twenty-four hours and then evaporated, the residue being 
treated with dilute hydrochloric acid and the precipitated oil 
divided into neutral and acid fractions by ether and sodium carbonate 
in the usual way. The neutral fraction appeared to consist of 
ethyl malonate, but the quantity was very small, and it was there- 
fore not identified with certainty. The acid fraction was separated 
into its constituents by converting it into sodium compounds and 
extracting these with hot water as described on p. 1594, and in this 
way a small amount of ethyl my-dicyanoglutaconatc, as well as 
a considerable quantity of unchanged ethyl a-cyano-y-carboxy. 
glutaconate, were isolated in the pure condition. 


(D) Condensation of Ethyl a-Carho.i l/-y-methylijlultKoiiale with Ethyl 
Cymoaceiate : Isolation, of u-Methylmcthaiielriacetic Adi, 
Ethyl a-Cyano-y-methylgliilaeonale , Ethyl ay-lHcyanoglutaeonalt, 
Ethyl Malonate, and Ethyl Propionate. 

In carrying out this condensation it was found necessary to use 
a slight excess of sodium ethoxide in order to avoid the formation 
of the eyefobutane derivative (XX UI). 

Ethyl cyanoaeetate (22'6 grams; 2 mols.) and ethyl a-carboxy- 
y-methylglutaconate (27-2 grams; 1 mol.) (section A) were added 
in succession to a solution of sodium ethoxide prepared by dis- 
solving sodium (5 grams; 2-1 atoms) in absolute ethyl alcohol 
(70 c.c.). The mixture was heated for thirty hours and then 
distilled until the temperature reached 100°. 


Ethyl Propionate (XXII). 

The distillate contained a quantity of ethyl propionate, which, 
however, could not be separated from the large excess of ethyl 
alcohol accompanying it. It- was therefore converted into the 
amide by saturating the alcoholic solution with ammonia and, 
after some hours, adding concentrated aqueous ammonia. The 
amide thus obtained was n crystallised from a small amount of 
water and identified as prepionamide by analysis (Found : C = 49-3 ; 
H = 9-7 ; N = 194. Calc., C ^ 49-3 ; H 9-6; N = 19-2 per 
cent.), by its m. p. (79°) and characteristic appearance, and by 
direct comparison with a specimen prepared from an authentic 
sample of ethyl propionate. 
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Ethyl Malonate (XI). 

Tlic pasty residue from the distillation (p. 1596) was mixed with 
rater and extracted with ether. The oil thus obtained boiled 
linost entirely between 90° and 100°/15 mm., and on redistillation 
,t atmospheric pressure yielded 10 grams of pure ethyl malonate 
Found: C = 52-4; H = 7-5. Calc., C = 52-5; H = 7-5 per 
ent.), which was identified, as before, by conversion into malon- 
jnide. 

A further quantity was obtained by esterifying, by means of 
thyl alcohol and sulphuric acid, the acid substances recovered 
ro m the alkaline solution from which the sodio-dcrivative of ethyl 
licyanoglutaconate had crystallised (below), the neutral esterifica- 
ion product consisting of about equal parts of ethyl malonate 
nd ethyl a-carboxy-y-methylglutaeonate, which were easily 
eparateil by distillation. 

Ethyl a-Vyano-y-melhylgl«tacoimtc (XX). 

The alkaline solution from which the ethyl malonate was extracted 
ras acidified and again extracted with ether, the products being 
eparated into acid and quasi-acid fractions by washing with 

10 per cent, aqueous sodium carbonate solution. The quasi-arid 
faction boiled at 160 170 /1 5 mm., and consisted almost entirely 
idyl d cyano-y-methylglutacomUe, 11 grams of which were obtained 
a redistillation as a colourless oil, b. p. lOO'cly mm. (Found: 
..-58-3; H. == 6-9 ; N - 6-5. C,,R I5 0 4 N requires 0 =58-6; 

11 = 6-7; N = 6-2 per cent..). It gave a deep reddish-brown 
colour with aqueous-alcoholic ferric chloride. 

As mentioned above, a further quantity of the substance, was 
obtained by esterifying the acid products. 

In order to confirm its constitution, the ester was hydrolysed by 
wiling with 50 per cent, sulphuric acid. The product, extracted 
J ether and crystallised from water, was identified as j-methvl- 
gmtaconic acid by analysis (Found : C = 50-1 ; H = 5-7. Calc., 
- 60 0; H = 5-5 per cent.), by direct comparison with a genuine 
P ” lmen ’ and % a mixed melting-point determination. 

Ethyl &y-Dkyanoyhitaconaie (XVI II). 

wren Tt™ Carbonat<? washings (above) quickly deposited a 
ficatio H r °" n ’ cr y sta *b |lc sodium compound, which, after pun- 
jjjo “ y recr y s talhsation from water or alcohol, melted at 263— 
J vi<,cn % consisted of ethyl sodiodicvanoglutaconate 
a — 8-9. Calc., Na — S-9 per cent.). 
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The free dicyano-ester, prepared from the sodium compound, 
was identified by comparison with a known specimen and by 
analysis (Found : C = 54-5 ; H = 54; N = 11'7. Calc., C = 55-9; 
H = 51 ; N = 11-9 per cent.), the results of which, although not 
agreeing very closely with the theoretical values, are similar to the 
figures obtained by Errera (loc. cit.) and by Rnhemann and Browning 
(foe. cit.), and are to be attributed to the well-known tendency of 
the substance to retain small amounts of water with great pm. 
sistency. 

Formation of Ethyl ny-Dicyanoglutaconate from Ethyl a-Cyano-y. 
methylglulaeonate and Ethyl Cyanoaceiate. 

Ethyl a-cyano-y-methylglutaconate was heated with an alcoholic 
solution containing two molecular proportions of ethyl sodio- 
cyanoacetate. Although an excess of sodium ethoxide was present, 
a considerable amount of conversion into the eyefobutane derivative 
(XX11I) occurred. However, on dividing the product into neutral, 
quasi-acid, and acid portions in the manner previously described, 
this became separated from the dicyano-ester, which was isolated 
and identified as in the preceding instance. 

Formation of Derivatives of w-Methylmelhanetriaeetic Acid. 

In order to isolate derivatives of u-methylmethanetriacetic acid 
from the product of condensation of a-eyano-y-mothylglutaconic 
acid with ethyl sodiocyanoacetate, it was necessary to carry out 
the condensation entirely at room temperature. The reaction 
mixture, prepared as described on p. 1596, was therefore allowed to 
remain with occasional shaking for twenty-four hours at the 
ordinary temperature, and was then mixed with water and separated 
by moans of ether and aqueous sodium carbonate into neutral, 
quasi-acid, and acid portions. 

The neutral fraction c-) distillation yielded ethyl malonate and 
a small amount of a viscous liquid boiling in the neighbourhood 
of 200°/10 mm. 

The quasi-acid fraction consisted almost entirely of ethyl a-cyano- 
y-methylglutaconate, although a small amount of a similar fraction 
of high b. p. was separated from it. 

The acid fraction contained no trace of ethyl ay-dicyanoglut- 
aconate (compare section E), but when esterified and distilled 
gave the substance of high b. p. along with ethyl malonate and an 
intermediate fraction of indefinite boiling point. 

The less volatde substance obtained in all these ways consisted 
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pparently of ethyl "'-cyano-J-carboxy-w'-methylmethandriacctaie 

XIX), for on hydrolysis by 50 per cent, sulphuric acid (compare 
i, 1600) it yielded u-methylmethanetriacetic acid (Found : C = 46-6 • 
I = 6-0. CgH 12 O s requires C = 47-0; H = 5-9 per cent.), which, 
fter crystallisation from ethyl acetate, melted at 136—137° and 
,as identical in all respects with the acid synthesised (section F) 

or conip Arison . 


E) Condensation of Ethyl ay-Dicarboxy-z-methylghitaeonate with 
Ethyl Cyanoacetate : Isolation of Ethyl Melhylmalomte and 
Ethyl x-Cyano-y-carhoxyylutaconate. 

Ethyl ay-dioyano-s-methylglutaconate (1 mol.) (section A) was 
ondensed with ethyl sodiocyanoacetatc (2 mols.) as in the pre- 
eding instances, excepting that, as in this case the reaction pro- 
eeded with extraordinary ease, the mixture was kept at room 
emperature for two hours only, and was then worked up for the 
iroducts, which were separated into neutral and acid portions by 
neans of ether and sodium carbonate. 


Ethyl Mdhylmalonate (XXX). 

Almost the whole of the neutral product distilled in the nebdi- 
lourliood of IO0°/10 mm., and on redistillation at atmospheric 
wessure boiled constantly at 105°. That this consisted of pure 
thyl methylmalonate was proved by analysis (Found : C = 55-2 • 
1 = 8-0. Calc., C = 55-2; H = 8-0 per cent.), and by conversion 
nto methylmalonamide, which was obtained in good yield and 
ientified with an authentic specimen. 

The amide contained no admixed malonamide, and, therefore 
lie reaction product could have contained no ethyl malonate 
see below). 


Ethyl rt-Cya n o-y-carhnxytjl til aeon ate (XIII). 

This substance (Found : C =-- 55-6; II = C-3. Calc., C = 55-1 • 
“ = b-0per cent.) was isolated from the acid product of the con’ 
watarn the manner described in connexion with the previous 

)Tmear« Se rr n k C) “ Wh ‘° h “ was obtainfd ’ and was identified 
ymeans of ^characteristic sodium derivative (Found : Xa = 7-3. 

ivhriwT 7 .? P er , oent ') and b X conversion into the irnide (XV) 
mg with hydrochloric acid, 

Ctinn(i“£n^ Uta T ate *** i?0,at<?d fr ° m tl,iS COn - 

pare that described on p. 1596), and it would appear 
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higher temperature than that of ie rc 


(F) Preparation of Miylmthmelri^w Acid from Ethyl 
(h) f repen ^yawmethnnetnacetate. 

Th^e experiments were ^3 

tSSSSSS CL » - »• r 

obtamea „ vanora ethanetriacetate, was prepared by tie 

method described in a recent communication (Ingold, this vol, 

p. 352). 


Ethyl ut-Cyan o-c » ■ methyl m tlhait elriacfta'x ( XX\ I). 

Ethyl w-cyanomethanetriacetate was mixed with an alcoholic 
solution containing one equivalent of sodium cthox.de, and t ta 
wit h a slight excess of methyl iodide. The solution was boiled 
until neutral to moistened litmus, ami the esters were isolated by 
addin, water and extracting with ether. Ethyl ^uno-.-om y 
metfumetriacetale was obtained, by distillation under diminished 
^iure as acolourless, viscous oil, b. p. 206-208^12 mm. (Found: 
C - 57-0; H = 7-5. C 1S H 3 0,N requires t - o7-o; H = c3 per 

cent.). 

w-ilelhijlmetJmii el riarct ic Arid (XXVII). 

\ mixture of the pure methylated cyano-ester and an equal 
volume of cold concentrated sulphuric acid was diluted, after 
twelve hours' keeping, with sufficient water to cause a slight pre- 
cipitation of oil, and then heated for seven hours on a sand-bath, 
a further quantity of water being added and the retiux condenser 
removed towards the end of this period after the evolution o 
carbon dioxide had ceased. The solution was cooled, saturated 
with ammonium sulphate, and extracted repeatedly with ether. 
The colourless syrup which remained on drying and evaporating 
the ether immediately solidified with evolution of heat on boiiehoig 
with a glass rod. The acid was crystallised from ethyl act,ta ** 
for analysis', it separated in small, dense prisms, m. p. 137— w 
[Found : C = 46-9; H = 6-0. M (by titration) — 203-1. Cufc., 
C = 47-0; H = 5-1* per cent. ; M = 204 J. 
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(G) Note on some Derivatives of Q-Ethoxy-2-pyrone. 

The following compounds were obtained incidentally during the 
preparation of some of the materials required for this research. 
They have not been investigated in detail, but their constitutions 
appear to follow from their modes of formation, and it has been 
thought desirable to append a brief description. 


Ethyl 6-Etho.ry-2-riyrone-5-carbo.ryla!e fjbl.CH C GO a Et 
v 9 CO-O-C-OEt 

Ethyl isoaconitate is apt to decompose on distillation and on 
one occasion the pyrone was isolated from the dark residue obtained 
iu this manner. It was purified by rubbing with ether and crystal- 
lisation from ethyl acetate, from which it separated in needles, 
B , p. 132° (Found : 0 — ,'>6-7 ; H — 5-3. C 10 H 12 O 5 requires 
C = 56-6 ; H = 5-6 per cent.). With aqueous alcoholic ferric 
chloride it formed a deep crimson coloration. 


Ethyl 6-Ethoxy -3-methyl -2-pyron e-5-ra rboxylalr, I ' ' ' n 1 1 ~ 2 • 

CO— 0 C-OEt 

This compound was invariably formed to some extent when 
large quantities of ethyl x-carboxy-y-methylglutaeonate were dis- 
tilled at a time, and occasionally it crystallised from the distillate. 
The material obtained in this way was purified for analysis by 
crystallisation from ethyl acetate. It separated in colourless, 
transparent strips or blades, usually long and very thin, a typical 
size being 20 mm. x I mm. Olid nun. (Found: C = 58 T ; 
11 = 6-1. GjjHyOj requires (! — 58-3; H = 6-4 per cent. M, by 
the cryoscopic method in benzene, 224. Gale., M = 226). It 
melted at 94° and gave no distinct coloration with ferric chloride. 

We desire to express our gratitude to Professor J. F. Thorpe for 
his interest in these experiments and for much very valuable advice ; 
also to the Chemical Society for a grant from their Research Fund 
which has greatly facilitated the work. 

Imperial College of Science ano Teitisuloiiy, 

South Kensington. limired, Ainjii-t lire, 1921.) 
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CLXXXV .— Harmine and Harmaline. Part V. pfe 
Synthesis of Norharman. 

By William Ogilvy Kermack, William Henry Perkin, jun 
and Robert Robinson. 


In Parts III and IV of this research (T., 1919, 115, 933 etseq) 
evidence was brought forward and discussed which seemed to 
leave little doubt that harmine has the constitution I, whilst two 
possibilities remain for harmaline (dihydroharmine), the decision 
between which can only be made after the accumulation of further 
data. 

/\ /\ /\ /\ 

UwU 1 '- 

Me 

(I.) (II.) 


It appeared desirable, however, to support the strong analytical 
arguments by synthesis, and especially so in view of the fact that 
the fused pyridine-pyrrole nucleus type represents a domain of 
organic chemistry which has hitherto remained almost unexplored 
In planning the synthetic investigation we have had always in view 
the systematic study of the methods available for the preparation 
of the more characteristic members of this group of bases, and 
accordingly in the first instance chose to attack the problem of the 
synthesis of 4-carboline (II), which can be regarded as the true 
parent substance of harmine and harmaline. 

Harmine is methylmethoxy-4-carboline, and since the com- 
pounds obtained by elimination of the methyl and methoxy-groups 
from harmme are respectively termed norharminc and barman 
it is clear that 4-carbolinc may also he called norharman in order 
to emphasise its relation with the harmala group of alkaloids. 

. ° metbods now been devised for the degradation of bar- 
mme to norharman, and the first of these arose from the investigation 
of harmohe amd, which 0. "ischer (Ber., 1889, 22, 642) produced by 
he alkali fusion o harmo,, the phenol obtained by the demethyl, 
mno armme. n erroneous composition was assigned by Fischer 

Lhif r° e ’, appearS t0 be a Jocular compound of 
norharmolcarboxyhc acid (HI) with its normal sulphate, and from 

ammonia and PhUnC -f C + “ removed b ? «Mon in dilute 

V TT T mth acetic acid - The felon of harmol 
mth p te h ydr oxide, therefore, merely oxidises the methyl 

group to carboxyl. On heating norharmolcarboxylic acid with 
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lycerol, the carboxyl group is eliminated and norharmol (IV) is 
btained- 


HO! 


/' 

I 

V 


s /\ 

/\ /\ 

(III.) 

hoI l l Jn 

\/ NH \/ 

(IV.) 


HeOl 


r> 

\/ 


/\ 

I I 

NH / \/ 


N‘ 


(V.) 

his phenolic base is certainly identical with that which was obtained 
y 0. Fischer ( loc . cit.) by heating harinolic acid, although the 
jecimen was apparently not analytically pure. The nature of 
orharmol is clearly proved by the fact that on mothylation it 
ields nerharmine (V). On distillation with zinc dust in a stream 
(hydrogen, norharmol is converted into norharman (If). 

The second process consists in applying to harman the method 
hereby harmine was degraded to norharmine (Perkin and Robinson, 
1912, 101, 1778). 

Unfortunately, the paucity of material at our disposal did not 
ermit of an examination of the intermediate stages in the degrada- 
ion of harman to norharman, but at all stages the substances closely 
csembled the analogous compounds derived from harmine. Har- 
»n (VI) was converted by boiling with benzaldehyde into bcnzyl- 
ieneharman (VII), isolated as a sparingly soluble hydrochloride, 
nd this was oxidised by potassium permanganate in pyridine 
olution with formation of norharmancarboxylic acid (VIII), which 
ielded norharman (II) on heating with glycerol. Xorharman is a 
leaatifully crystalline compound melting at IDS 3 and very similar 
o harman in its properties. 


A / 




\/'NH / \/ 

Me 

(VI.) 


/\ 

k 


_/\ 


Jn 


./ NH \/ 

CHICHPh 

(VII.) 


,/\ /\ 

I I I l K - 

V mi \/ 

COJI 




The interest attaching to harman, which was first obtained by 
h Fischer (Chem. Zentr., 1901, i, 958) from harmine by the stages 
larmol and aminoharman, is much increased by the observation of 
spilth ( J/orraisA. , 1919,40, 351) that it is identical with the alkaloid 
mime from Araribra rubra Mart, and also with loturine from 
mphosa mcemoaa (Monateh., 1920, 41, 297), whilst colloturine 
! poeabl y a crystalline modification. It should also be noted that 
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Spath confirms the fact, stated in Part IV of this research, that y, 
true melting point of harman is 238°, although it is very easy y 
obtain a lower value. 

The relation between harman and tryptophan was discussed • 
Parts III and IV of .this Inquiry, and becomes much more aignifieam 
in view of the fact mentioned above that harman occurs in nature 
Our further observations in this connexion will be found in tj, 
experimental portion on p. 1616, and it will suffice to point oa j 
that harman may be obtained by condensing tryptophan njq 
acetaldehyde in dilute sulphuric acid solution and subsequent^ 
oxidising the product with chromic acid. Obviously the replace 
ment of acetaldehyde by formaldehyde in this process should lead 
to the formation of norharinan, and this proved to be the ease 
and the product was identical with that which had been obtained 
by the degradation of harmine. The mechanism of these reactions 
we conceive to be the following, illuslrated in the case of the forma 
tion of norharman. 


0 


NH 


- CIIj'CHfNH,; 


>- 

ch 2 o 


A |'' CHs ''CH'C0 2 H 

/ NH' CH 2 ‘ N ’ H 


+HjO, 


/ 



/V 




I CH-OH 
• /V NH CH 2 N " 


i r , , 

\/ NH \/ 


I^Jn + 211,0. 


A very similar reaction, in which an oxidation is accompanied by 
the elimination of a carboxyl group, is to be found in the conversion 
of dihydroflavindine (IX) into quindoline (X), a change which can 
be effected with extraordinary facility, and even by shaking an 
alka'me solution with air at the room temperature (Fiohter and 
Rohner, Ber., 1910, 43, 3489). 


C0 2 H 

/\/CH 

1 I I 

\/ NH 


NH 


/\ 



(IX.) 


/\/\ NH /\ 

III ; r 


\/ N 


+ C0 2 
+ h 2 o 


(X.) 


The production of norharman from tryptophan depends on a 
reaction of a somewhat special type, and as we desired to elaborate 
more generally applicable methods, attempts were made to build up 
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,he ring system from simple indole derivatives. Our first idea was 
o attempt the synthesis of norharman by the following stages, 


A- .CHjj-COoH 


/\ ch 2 , 

II | V u 

\/ NH CO NH 


) (j a ‘boryindole-'i-acetic acid. Imide. 

r a /v 

\/ nit 


Norharman. 


and we accordingly prepared considerable quantities of the 
2-carhoxyindole-3-acetie acid from a-ketoglutaric acid and phenvl- 
hydrazine by the process of Wislicenus and Waldmiiller (Ber. t 
1911, 44, 1572): 

A CH 2 -CH 2 -C'0 2 H /\ CH,-C0 2 H 

l^yNH'NlC'COjH IJ NH JcOjH " ' 


Several well-characterised derivatives of the acid were prepared, 
such as the dimethyl ester (m. p. 127°), the anhydride (m. p. 250°), 
and the acid amide (ra. p. 244°), but all attempts to obtain the imide 
cither (i) by the action of heat on the amide, (ii) by passing ammonia 
over the heated anhydride, or (iii) by the action of alcoholic ammonia 
on the dimethyl ester at elevated temperatures and pressures were 
unsuccessful. This is remarkable when it is remembered how 


readily homophthalic acid, (.' 6 H 4 <Cqq 2 jj^A is converted into 

homophthalimide, C 6 H 4 <A 2 A, by the action of heat on its 
L O X H 


ammonium salt. 

It is true that the amide of 2-carl>oxyindole-3 -acetic acid on 
treatment with a mixture of acetic anhydride and acetyl chloride 
yields a substance, C 13 H lft 0 3 N 3 , which appears to be the acetyl 
derivative of the enimic modification of the imide (XJ), but we 
have not been successful up to the present in attempts to remove 
the acetyl group and obtain the imide itself. On the other hand, 
the anilide of 2-carboxyindole-3-acetie acid yields a mixed anhydride 
with acetic acid (XII) when treated in a similar way. 



\/ NH' ’CO 


C-OCOMe 

NH 


(XI.) 


/\ CH,-COOCOMe 

I I I ' 

\/ NH CO-NHPh 

(XII.) 


The next series of experiments was based on the hypothesis that 
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indole- 2 -carboxyacetalylamide (XIII) might be induced to undergo 
internal condensation with the formation of the isocarbostyril of 
the norharman series (XIV), from which norharman could probably 
be obtained by some process of vigorous reduction. 



•NH-CH 2 -CH(OEt) 2 


(XIII.) 


/V 


/ 


CH\ 


NH CO 
(XIV.) 


^CH 


In connexion with this series of experiments, we first worked out a 
generally applicable method for the preparation of the chlorides of 
indole-2-carboxylic acid and allied acids, which consists in allowing 
the acid to react with phosphorus pentaehloride in the presence of 
acetyl chloride and at the end of the reaction removing the excess 
of acetyl chloride and phosphoryl chloride by distillation in a high 
vacuum. The residual chloride is usually sufficiently pure to be 
directly employed in the preparation of derivatives and the process 
is convenient. 

The chloride of indoIe-3-carboxylic acid reacts readily with 
aminoacetal (acetalylamine), and mdole-2-carhoxyacetalylamide 
(XIII) is a crystalline substance, melting at 133°, which may be 
converted by the action of a saturated solution of hydrogen chloride 
in alcohol at 40 — 45° into a sparingly soluble, pale yellow, crystalline 
substance melting at 247°. This compound has the composition 
C n H 8 ON 2 , and is thus derived from the aeetalylamide by loss of 
two molecules of alcohol. It was natural therefore to assume that 
it was the expected ketodihydronorharman (XIV), but this view 
was soon found to be untenable, since all attempts to convert the 
substance into norharman were unsuccessful and a careful study of 
the reactions of the compound, described in detail on p. 1627, 
indicated the existence of a free position in the pyrrole nucleus. 
There appear to be only two other directions in which indole-2- 
carboxyacetalylamide may lose two molecules of alcohol, and these 
lead to ‘be expressions XV and XVI for the substance melting at 
247°. 


/V 


S//V ''N' / V’0 

CH NH 


TH' 

(XV.) 


r/ 


f V I c< 0-CH 

\/"NH ^N-CII 


(XVI.) 


However, the compound appears to possess a — CO — NH — group 
capable of enimisation, and its phenolic properties are not in harmony 
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pith the oxazole possibility (XVI), against which may also be urged 
the melting point and crystalline character o£ the substance and, 
fflU ch more conclusive, the fact (vid. infra) that 1 : 3-dimethylindole- 
ftcarboxyacetalylamide does not undergo an internal condensation 
analogous to those described in this communication, although the 
osazole possibility remains open. It is clear, therefore, that the 
formation of the ring during the action of alcoholic hydrogen 
chloride on indole-2-carboxyacetalylamide has taken place with the 
help of the hydrogen atom of the — NH— group in the indole 
nucleus according to the scheme 


/\ 

Uw C0 ' NH ' CH, ' C0(0Et)2 


/ 


> 


N ' //X 'NH / 

HO-CH 


s co 

NH 


V'H/ 


/\ 

I I 1 

\/\ N -/\ 

Sh 


co 

NH 


CH 


and the substance thus produced has been called 5-keto-4 : 5- 
dihydroindolediazine (l : 4) in accordance with a system of nomen- 
clature detailed on p. 1642. Substances of this type do not appear 
to have been previously prepared, but it is evident that they are 
readily formed and are very stable. I'p to the present oxygenated 
carbostyril-like derivatives only have been obtained, but there is 
no reason why the indolcdiaziius themselves should be incapable 
of existence and these bases would probably be found to be of com- 
pletely aromatic type. That this is possible is seen by a comparison 
of the cyclic conjugat ed formula; which can be assigned to 4-earboline 
(XVII) and indolediazine (1 ; 4) (XYI11) (compare Perkin and 
Robinson, T., 1911), 115. 9 13). 


/\ ,/\ 

(/0\> 


/\ 

I I I 

\/\v \ 


(XVII.) 


X 

1 1 
\/ 
(XVIII.) 


lx 


It is proposed to make attempts to produce substances of this type, 
which clearly have an interest in connexion with the theory of 
polynuclear aromatic compounds. Quite analogous substances of 
f s ™* ar mature, but containing the pyrrole nitrogen atom only, 
have already been obtained. Angeli [Htr., 1890, 23 , 1793) found 
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that ethyl pyrroylpyruvate (XIX) underwent ring-closure on treat- 
ment with alkaline carbonates with formation of the imine-anhydride 


of pyrroylpyruvio acid (XX). 

f I 


I JcO-CHj-CO-COjEt 

1 ) 

//\ .... 

1 1 1 

CO CH, 

x co 

vU 

(XIX.) 

(XX.) 

(XXI.) 


The parent substance, an isomeride of indole, was designated 
pyrindole by Angeli, and this extremely interesting compound has 
actually been obtained by Scholtz (Bn., 1912, 45, 734). n-Picolme 
is converted by acetic anhydride at 200 — 220° into a compound, 
C 12 Hi]0 2 N, called picotide and the reaction occurs according to the 
equation : 

C S H,N + 2(CH 3 -CO) a O = Cyi, ,O a N + CH 3 -C0 2 H + 2H 2 0, 

Picolide yields a feeble base, C S H,N, when it is boiled with hydro- 
chloric acid, and this substance was the subject of further investi- 
gations (Scholtz, Her., 1912, 45, 1718; Scholtz and Kraudo, Ber., 
1913, 46, 1069), which resulted in the demonstration that it has the 
constitution XXI. The feeble basicity of this compound and its 
resemblance in chemical character to pyrrole and indole are well 
represented in the cyclic conjugated formula; XXII and XXII] 
for pyrrocolino (pyrindole) * and indole respectively. 


/\„ 

1 1 1 

/\ 

i i i 

1 J 1 

w 

\/'NH/ 

v..y 

(xxir.) 

(XXIII.) 


The elucidation of the nature of the substance of melting point 247° 
renders it very probable that Ciamician and Zatti’s anhydride of 
indole-2-carboxyhc acid, obtained by the action of acetic anhydride 
on the acid (Ber., 1888, 21, 1932), has the constitution XXIV. 
This yellow, crystalline substance melts at 312 — 315°, and whilst 

* The substance C g H.X was at first called “ pyrrocoline ” and later “ pyrin- 
dole,” in accordance with Angeli’s suggestion. Tho nome pyrindole should, 
however, be reserved for substances containing fused pyridine and pyrrole 
nuclei (T., 1912, 101, 1787), and it would avoid the possibility of confusion 
if Scholtz’s compound could retain its original name. The alternative device 
of renaming the fused pyridine- pyrrole nucleus 11 pyrradoline ” would, un- 
fortunately, lead to the expression “ quinindoline ” for a fused quinoline - 
pyrrole nucleus, and this name has already been employed to denote a tetra- 
nuclear base obtained by Gabriel and Esehenbach (Ber., 1897, 30, 3020). 
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[fleeted by aqueous alkalis is hydrolysed by alcoholic potassium 
Iroxide with formation of potassium indole-2-carboxylate. 


\/\ N /\ 


?° 

CO N 

\/\/\ 

I I I 
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\/'NH 


.Me 

Jco 2 h 


(XXIV.) , (XXV.) 

> further study of the internal condensations of acetalylamides 
jved from substituted indole-2 -carboxylic acids has given results 
ich afford important support to our views on the constitution 
he substance melting at 247°, and in the first place the behaviour 
the acetalylamide of 3-methylindole-2-carboxylic acid (scatole- 
boxylic acid) (XXV) was investigated. 

this acid, which was at one time confused with indoleacetic acid, 
:amed by H. and E. Salkowski (Be.r., 1880, 13, 191, 2217) from 
: products of the putrefaction of the proteins in animal matter, 
s synthesised by Arnold ( Annakn , 1888, 246, 334) from the 
eEylhydrazoneofa-kctobutyricacid,CH 3 -CH 2 -C(N 2 H , C 6 H 5 ) > C0 2 H, 
the action of alcoholic sulphuric add and by Ciamician and 
igaauini (Ber., 1888, 21, 1927) from scatole, sodium, and carbon 
aide. We have found a new method for synthesising the acid 
lich gives good results, and is as follows : 
o-Nitrotoluene and ethyl oxalate are condensed by means of 
joholic sodium ethoxide in the manner described by Keissert 
'tr,, 1897, 30, 1030) to the sodium derivative of ethyl o-nitro- 
lenvlpyruvate (XXVI), which is then directly treated with 
ethyl iodide, and the product on reduction with zinc dust and 
etic acid yields ethyl 3-methylindole-2-carboxylate (XXVII), 
mi which the acid is readily obtained by hydrolysis. The process 
illustrated in the scheme given below : 
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In the course of the series of reactions just described there j 
also formed in relatively small amount ft substance, CjjHjjOjjj 
(m. p. 217°), which is not an ester and therefore probably on,, 
its existence to the introduction of two methyl groups during 
treatment of the sodium derivative of ethyl o-nitrophenylpyruvak 
with methyl iodide. There are two possibilities leading to the 
formula XXVIII and XXIX for this by-product. 


/VCMe a , co 


/NcMe 2 -CO-C0 2 Et /NcifcyCO-COjEt /N 
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(XXVIII.) 
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(XXIX.) 

A Zeisel determination proved that the substance, C u H n 0,\, 
contains a methoxyl group, and it is therefore clear that the second 
alternative must be accepted and that the substance is 3-methosy- 
4-niethyl-i-quinolone. 

When the chloride of 3-metJiylindole-2-carboxylic acid is treated 
with aminoacetal, combination occurs with facility and 3-methyl- 
indole-2-carboxyacetalylamide (m. p. 115°) (XXX) is produced. 
This substance, on treatment with alcoholic hydrogen chloride, 
yields a compound, C I2 H 10 OX 2 , which melts at 242° and closely 
resembles the substance of melting point 247° obtained in a similar 
manner from indole-2-carboxyacetalylamide. In this example it 
will be noted that ring formation can only occur in the direction 
already postulated in + i e case of the substance melting at 247°, 
and the new compound (m. p. 242°) must be 5-keto-7-methyl- 
4 : 5-dihydroindolediazine (1 : 4) (XXXI). 
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In order to examine the behaviour of a 1 : 3-disubstituted indole- 

■carboxy&cetalylamide, we instituted a series of experiments in 

.yob the starting point was 1 : 3-dimcthy!indolc-2-carhoxylic 
c id (XXXII), readily prepared in the following interesting manner. 
•Ketohutyric acid, CH 3 -CH 2 -C0'C0 2 H (Wislicenus and Arnold, 
hna 1888> 246, 333), reacts very readily with phenylmethyl- 
[ydrazinc, C 8 H 5 - NMe - NH 2 , and it is remarkable that the hydrazone 
converted, merely by heating on the steam-bath with dilute 
ijdrochloric acid, almost quantitatively into 1 : 3-dimethylindole- 
l-oarboxylio acid (m. p. 213°) : 


u 


CH 2 Me 
!NMe-N:C-CO,H 


/V 


-,Me 


l J. ,'COjH 

\/ NMc 2 

(xxxn.) 


[he chloride of this acid also combines with aminoacetal, yielding 
i, crystalline substance, C 10 H 10 N'CO - NH-CH 2 -CH(OEt) 2 , which 
melts at 111° and resembles in many ways the other similarly 
nnstituted acetalylamides described in this communication. It 
loes not undergo ring formation when treated with alcoholic 
hydrogen chloride, a behaviour which was to be expected because 
the two positions essential to ring formation are occupied by methyl 
groups. The observation is, however, of much interest, as it dis- 
poses of the possibility that the substances which we, have regarded 
as indolediazine derivatives arc indyloxazoles (rid. supra). From 
theforegoing it became obvious that the particular synthetic method 
which depends on ring-closure of an indole-2-carboxyacetalylamide 
could lead to a derivative of norharman only if the 1 -position in 
the indole nucleus is occupied by a substituent, and we accordingly 
I applied the process to l-methylindole-2-carboxylic acid, which was 
repared by the method of E. Fischer and Hess (Ber., 1S84, 17, 
61), The chloride of this acid was converted into 1-inethylindolc- 
■carbosyacetalylamide (in. p. 1 07°) (XXX1I1) in the usual 
aanner, and this substance was fortunately readily converted 
iy alcoholic hydrochloric acid into 2-kcto-l-mcthvl-2 : 3-dihydro- 
-carboline (m. p. 242°) (XXXIV). This is a colourless substance, 
ery different in its properties from the indolediazine derivatives, 
ind resembling norharman more especially in the blue tluorescence 
™ch it exhibits in acid solution. 
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On distillation with zinc dust in a stream of hydrogen, norhartna B 
possibly mixed with its methyl derivative (XXX.V), was obtain^ 
The purification of the crude product is described on p. 1638 and 
was tedious and difficult, but ultimately a pure specimen w,i, 
obtained and proved to be identical in all respects with norharman 
obtained as detailed above from harmine and tryptophan. 


( I I In ■ 

\/ x NMe / \/ 

(XXXV.) 

The removal or partial removal of the methyl group at the high 
temperature of a zinc-dust distillation is not without precedent 
and it may be recalled that A'-methyldiphenylamine, Ph-NMePh 
yields carbazole and not methylearbazole by pyrogenic decomposi. 
tion (Griibe, Annalen , 1874, 174 , 181). The other products of the 
reaction were hydrogen, nitrogen, methane, benzene, aniline 
benzonitrile, and diphenylamine. 

This synthesis of norharman affords direct and independent 
confirmation of the correctness of the constitution assigned to 
harmine so far as the nuclear ring system is concerned. Further 
the position of the methyl group is placed beyond doubt by a 
comparison of the reactions w'hereby norharman and harman art 
obtained from tryptophan. Synthetical evidence in regard to the 
position of the methoxyl group is alone lacking, and we are continn- 
ing our experiments in this direction, some progress having already 
been made. In the first place, C-niethoxyindoie-2-earboxylic acid 
(XXXVI) has been synthesised in some quantity by the follow 
series of reactions. o-Nitro-p-tolyl methyl ether (XXXVII), obtained 
by the methylation of o-nitro-p-cresol with methyl sulphate, on 
treatment with ethyl oxalate in the presence of alcoholic sodium 
ethoxide, yields o-nitro-p-methoxyphenylpyruvk acid (XXXVIII). 

This interesting new acid is oxidised by hydrogen peroxide with 
formation of o-mtro-p-mdhoxyphenylacelic acid (m. p. 158°), and 
this is reduced by zinc dust and acetic acid with formation of 
o-azoxy-p-methoxyphrnyh :rtic acid, 

CO 2 H>CH 2 -C a H 3 (0Me)-NO:N-C 6 H 3 (0Me)-CH 2 -CO 2 H, 

(m. p. 174 ). On reduction with ferrous hydroxide, o-nitro-p- 
methoxyphenylpyruvic acid is converted in good yield into 6- 
methoxyindolc-2-carboxylic acid (m. p. 197°), and this acid loses 
carbon dioxide on heating with production of 6 -methoxyindok 
(m. p. 92 ) (XXXIX), a new member of the little investigated 
scries of the alkyJoxyindoles and one of the parent substances of 
harmine and harmaiine. 



H ARMINE AND HARMALINE. PART V. 


1613 


MeOl 


j / \Me 

>0 2 

(XXXVII.) 

/\ , 


/\CH 2 -C(>C0 2 H 

MeOl^ 

(XXXVIII.) 


MeO! 


\/ x NH 

(XXXVI.) 


CO,H 


MeOl 


/\. 


\/ NH 

(XXXIX.) 


The chloride of 6-methoxyindole-2-earboxylic acid reacts normally 
lf it)i aminoaeetal, yielding 6-methoxyindole-2-carboxyacetalyl- 
imide (m. P-. 123°) (XL), and this on treatment with alcoholic 
hydrochloric acid is readily converted into ll-methoxy-5-keto- 
j . 5 -dihydroindolediazine (1 : 4) (XL1). 

/V 

/\ MeO 1 

Me 0 \/ x NH ' CO-NH ‘ CH2 ‘ CH(OEt)2 
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(XL.) (XLI.) 

This substance melts at 253° and closely resembles in appearance 
and properties 5-keto-4 : 5-dihydroindolediazine (1:4) (XV). 

Experiments are in progress which have for their object the 
preparation of the following series of substances : 
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he latter of which is particularly interesting on account of its 
dose relation to harmine and it is hoped that it may be converted 
into dimethylharmine chloride (XLII) by the action of magnesium 
methyl iodide followed by treatment with hydrochloric acid. 


/\ 

Me()M 


. . /\ 

. JNMeCl 

Me 


(XLII.) 

The starting point in this scries of reactions will no doubt bo 
a °st readily obtained from »ti methoxyphenylmethylhydrazine, 
MeO , C 6 H 4 ‘NMe , NH 2 , by an application of K. Fischer’s synthesis 
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of indole derivatives, and it is therefore of considerable interest ty 
the results incidentally obtained in the course of our .experiment 
go to show that such a synthesis is likely to be successful and that 
the groups in the benzene nucleus will have the desired orientation 
This follows from the identity of the methoxyscatole, which t 
obtained by the two methods described below. The product of 
the condensation of o-nitro-p-tolyl methyl ether and ethyl oxalate 
in alcoholic sodium ethoxide (vid. supra ) was directly methylated 
by means of methyl iodide and subsequently reduced by nicam 
of zinc and acetic acid. In this way a good yield of ethyl 6-methoxy 
3-methylindole-2-carboxylate (m. p. 128°) is obtained, and f rcffl 
this the 6-methoxy-3-methylindole-2-carboxylic acid (XLIIJ) j s 
produced by hydrolysis. This methoxyscatolecarboxylic acid 
melts at 202° with evolution of carbon dioxide and formation of 
6-mcthoxy-3-methylindo!e (XLIV) or fi-mcthoxyscatole (m D 
125°). ' 

A |M° A ■ Me 

MeOl J. )C0»H MeOl 1 1 • 

\/ XH x ' \/ NH 

(XLIII.) (XLTV.) 

In order to enlarge the basis of synthetical operations in the 
mcthoxyindole group, it was considered highly desirable to in- 
vestigate the behaviour of a suitable m-methoxypheuylhydrazone 
and it became necessary to devise a method for the preparation 
of m-methoxyphenylhydrazine, MeO-C 6 H 4 -XH-XH 2 , an intereslins 
substance which docs not appear to have been described. The 
base was made in considerable amount from w-anisidine by the 
usual process of diazotisation in hydrochloric acid and reduction 
with stannous chloride. It distils at, 16S°/lo mm., solidifying in a 
freezing mixture, and its stability is remarkable when compared 
with that of the corresponding o- and ^-derivatives. The methoxrl 
group in the ortho- or para -posit ion enormously increases the ease 
with which the hydrazine is reduced to the related aniline derivative 
and ammonia, but this effect is evidently unimportant when the 
methoxyl is in the wefa-p isition. 

m-Methoxy phenylhydra zinc condenses readily with a-keto- 
glutanc acid, and if the product (XLV) is dissolved in alcohol and 
the solution saturated with hydrogen chloride, 6-metlioxv-2- 
earboxyindole-3-acetic acid (XLVI) is directly produced 
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^ acid will serve as the basis for a number of experiments which 
) hope to carry out. It melts at 225° and decomposes smoothly 
[th formation of 6-methoxyscatole identical with the substance 
)tained as described above from o-nitro-p-tolyl methyl ether by a 
ties of reactions. The important point is thus established that 
dole-ring formation in the case of a m-methoxyphenylhydrazone 
k ea place in the para-position with respect to the metkoxyl 

:oup. 

In view of the fact that tryptophan, aribine (loturine), harmine, 
ad liarmaline undoubtedly contain a — C — C — N— chain attached 
> the 3 -position in indole, it would be highly remarkable and sur- 
rising if there should exist a series of naturally occurring substances 
( which a similar chain is attached to the 2-position, although it 
wild of course, be most unwisely dogmatic to deny the possi- 
ilitv of this. In the ease of the alkaloids of Evoditi rutxcarpa, 
he brilliant work of Asahina and Maycda (J. Pharm. Soc. Japan, 
91 C, No. 416; consulted only in an abstract, A., 1921, 120, i, 48) 
us led to the adoption by these authors of the formulae XLV11 
®d XLV1II for evodiamine and rutsecarpine respectively, and it 
lill not he out of place to examine the validity of the evidence 
ivhich rules out the constitutions which would bring these bases 
nto line with the tryptophan group, for example, the expression 
X.LIX for evodiamine. 
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Evodiamine is hydrolysed, first by alcoholic hydrochloric acid and 
then by alcoholic potassium hydroxide, with the formation of a 
hase.CjjHjjXj, to which the constitution L is assigned, 


> 


/ 

I . 

\/'NH' 


CH.,-CH,-AM1, 


(L.) 

ail( l this is the crux of the whole mat ter. A portion of the evidence, 
a t any rate, is likely to prove fallible, since one of the arguments 
I adduced is to the effect that this base yields indole-2-earboxylio 
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M id on fusion with potassium hydroxide. Now whilst 2-methyl, 
indole yields indole-2-carboxylic acid on toon with potass 
hydroxide, it is also true that even such a simple 3-suhstrtuted 
indole as scatole yields some i„dole- 2 ; carboxyhe acid mixed with 
indole-3-carboxylic acid when submitted to similar treatment 
(Ciamician and Zatti, &r„ 1888, 21 , 1933). The sole product fro m 
the alkali fusion of tetrahydrocarbazole was indole-2-carboxyhc 
acid (Zanetti, Ber., 1893, 26 , 2007). The longer the sidechau, of 
a 3-substituted indole the more numerous will be the opportunities 
for side-reactions and formation of cyclic structures and con- 
sequently the greater the probability that, indole-2-carboxyl lc 
acid would result from the vigorous process of fusion with potassium 
hydroxide We are inclined to discount the value of this evidence, 
since the production of indole-2-carboxylie acid would be in harmony 
with cither of the possible views of the nature of the aminoethyl- 
indole from evodiamine. A much more serious difficulty is found 
in the fact that the base melts at 120° (N-benzoyl derivative, 

m p 173 174°), whereas 3-P-aminoethylindole, synthesised by 

Ewins (T„ 1911, 99, 270), melts at 145-146° (A'-benzoyl derivative, 
m p 137—138°). This is apparently conclusive, but there is just 
the possibility of a loop-hole, such as the existence of the base in 
polymorphic forms, and the matter is of such interest that it is 
proposed to attempt an independent synthesis of 3-^-aminoethyl- 
indole, not only with the object indicated above, but aLso because 
this base is a very suitable starting point for syntheses in the harmine 
group. 


Experimental. 

Harman from Tryptophan. 

In Part IV (T. ; 1919, 115 , 968) of this investigation it was proved 
that the base, C 12 H M N 2 , obtained by Hopkins and Cole (J. Physiol, 
1903, 29, 451) by the oxidation of tryptophan with ferric chloride 
is identical with barman and the mechanism of the reaction has 
engaged our attention. A small yield of harman was obtained by 
following out precisely the directions given by Hopkins, but the 
result was negative when precautions were taken to exclude alcohol 
and ether. Professor Hopkins has kindly informed us that, in his 
own experience the results of the oxidation have been variable 
and yields varying from nothing to more than 30 per cent, of the 
theory have been obtained, and suggests that the C 2 -group may 
possibly arise from the ether used to extract the indolealdehyde, 
which is the second product obtained in the reaction, especially 
since the oxidation mixture was allowed to remain over-night in 
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contact with the solvent. Harman may also be obtained from 
tryptophan by the following processes. 

(4) Tryptophan (1 gram) was dissolved in water (250 c.e.) to 
which sulphuric acid (1 c.c.) and then acetaldehyde (10 c.c. of 20 
per cent, aqueous solution) was added. The liquid was boiled 
during ten minutes, the source of heat removed, and a 10 per cent, 
aqueous solution of potassium dichromate (50 c.e.) slowly added 
while the mixture was still hot. After allowing to remain for five 
minutes, the solution was heated to boiling and then allowed to cool. 
The excess of oxidising agent was reduced by sulphurous acid and 
the chromium precipitated by means of sodium carbonate in boiling 
solution, the faintly alkaline liquid was then filtered and the pre- 
cipitate washed with boiling water. The combined filtrate and 
washings were acidified by addition of hydrochloric acid, boiled 
with animal charcoal, again filtered, and evaporated to a small 
bulk on the steam-bath. The base was precipitated by the 
addition of concentrated aqueous sodium hydroxide, collected, 
washed with water, and dried in a vacuum. The yield was 
0'2 gram. After two crystallisations from benzene, the substance 
was obtained in nearly colourless prisms melting at 237 — 238°, 
ami at the same temperature when mixed with a specimen of pure 
harman. 

(B) Tryptophan (3 grams) was heated with acetic anhydride 
(20 c.c.) until dissolved, zinc chloride (2 grams) was then added and 
the mixture boiled during one minute. Decomposition of the 
excess of acetic anhydride by the addition of hot water (150 c.c.) led 
to the separation of a brown oil, which was converted into a yellow, 
sparingly soluble chromate by aqueous potassium dichromate 
(60 c.c. of 10 per cent, solution) to which concentrated sulphuric 
acid (3 c.c.) had been added. The solid was well broken up and the 
mixture boiled until nearly the whole of the chromate had passed 
into solution, a stage reached after about twenty minutes. Excess 
oi sodium hydroxide was added and the base extracted by means 
oi ethyl acetate. The ethyl acetate solution was washed with a 
little water and then with dilute hydrochloric acid. The acid 
washings were concentrated and on treatment with alkali yielded 
To gram of harman, which was crystallised and identified as in the 
previous example. 

(C) Harman was obtained from tryptophan in small yield in 
various ways, of which the most interesting is the simultaneous 
oxidation of alanine and tryptophan by means of chromic acid in 
solution. Tryptophan (1 gram) and alanine (2 grams) 
Solved in boiling dilute sulphuric acid (250 c.c.; 0'5 per cent.) 
1tele oxidised by the slow addition of ]>otassium dichromate (5 
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^S) dissolved ^ * 

“rttImpV'wore made to produce barman by applying to 

of diacetonamuie oxalate into v'uy acidi and 

tryptophan (Was boded ’green fluorescence was 
a brownish-yellow solution exta ^ ^ a ^ 

obtained. On ex rd f 1 produced, and the reactions 

y “ t oJ the 

nearly resem e f ed, and the colour and fluorescence 

ch^h: aid,’ neutral, and alkaline solution were identical with 
tnanges ill > . . ve experiment. A complete ex- 

aminauL of Z reaction would be of interest but the amount of 
tryptophan at our disposal did not permit of this. 

H ar m olic Acid. 

Sorhamolcarboxylic Acid (formula 111). 

The fusion of harmol with potassium hydroxide was earned out 
JX Ttanbrt by 0. (to, 1**5. * «*| »d fc 

isolation of the acid by fractional acidification of the dissolve 
ritith s^huric acid was also effected The crystal 
product gave on analysis numbers agreemg closely withthoe 
determined by Fischer, namely C = 5o'o ; H - 3 7 , N 10 , 
as against C = 55'6, 55'2; H = 3 - 8 , 3 ' 7 ; N = 1H 1H per cen 
as given by Fischer. On the basis of these results, t^her^ a ) 
suggested the formula C 12 H 10 O 5 N 2 , which is extremely difficult to 
explain if the constitution of harmine now adopted by the present 

authors is correct. „ 

In view of the relatively sharp melting point of the product (31/ ), 
the problem appeared r-ther puzzling until the presence of sulphur 
was established (Found : S — 4'0 per cent.). 

The hariuolie acid of 0. Fischer therefore appears to be a sulpm 
of norharmokarboxylic acid of the composition (CijHsOaNalj.HjbOi, 

requiring 0 = 55-2, H = 3*3; N = 10-7; S = 41 per cent. 

The acid itself is readily obtained by dissolving this curioub 
sulphate in dilute ammonia and precipitating from the filtered o 
solution by addition of acetic acid. The very pale yellow pow c 
was well washed with hot water and dried at 140°. It could no 
crystallised on account of its extremely sparing solubility in org& 
solvents, but prepared from pure “ harmolio acid ” it is practice ) 
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homogeneous and melts with much frothing and decomposition at 
372 ° after darkening at 267° (Found : C = 03-3 ; II = 3 6 • N = 12-6 
C 12 H 8 0 3 N 2 requires C =~ 03d ; H = 3o; N = 12-4 per cent )' 
The substance is readily soluble in alkalis, and the solutions couple 
with diazo-salts, forming orange-red azo-derivatives. The com- 
pound is also feebly basic, forming yellow salts with mineral acids. 


Norharmol (Formula IV'}. 

This substance is the phenolic base which 0. Fischer obtained by 
heating harmolic acid ( loc . cil.), and to which he ascribed the com- 
position C n H u ON t . We have obtained the compound by heating 
pure norharmolcarboxylio acid with glycerol until carbon dioxide 
was no longer evolved and a clear solution was obtained. On 
cooling, norharmol separated in nearly colourless needles and was 
washed with aqueous alcohol and then with alcohol and dried at 
140° (Found : C = 71*3; H=4 (i; N = 15*2. C.-H.OX. re- 
quires C — 71*7 j H = 4*3; N — 15*2 per cent.). 

On heating, the substance sublimes in small needles. 

It is soluble in caustic alkalis, but not in sodium carbonate or 
ammonia, and in alkaline solution it exhibits blue fluorescence and 
couples with diazo-salts. It is a base dissolving in dilute acids to 
yellow solutions. The platiniehloride was analysed by 0. Fischer 
!(k. tit.) and with results agreeing with the composition now 
lUggested. 

Common to Xorhannine.—Xorhmnol (0 ■:> gram) was heated in 
i sealed tube at 150° with water (23 c.e.), methyl alcohol (10 c.e.), 
lodium hydroxide (I gram), and potassium methyl sulphate (3 
gams) for three hours. After adding excess of sodium hydroxide, 
“ tents of tbe tubo "ere extracted with much ether and the 
ithereal solution was washed with water and dried by potassium 
^•droxide. After removal of the solvent, a residue was obtained 
f , could be crystallised from benzene in colourless needles 
pelting at 218° alone or mixed with a specimen of pure norharmine 
Femnand Robinson, T., 1912, 101, 177.3). 


A orhannan (-i-Catbolinc) (Formula II). 

y I Xorba rmol (5 grams) was mixed with zinc dust (100 -rams) 
Jr ; Ily “ d in ",th the usual technique of 

r e, 3 .JIT 7 a Stream ° f h > dro 8° n > th c vapours being passed 
Irtcd Lto th T !“ 0f iinc dus ‘- Tl,e l ,ro duct was eon- 
VOL « Ix h “ and this salt cr - vstallls cd from hot dilute 
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nitric acid The base was then precipitated by the addition oi 
Sum hydroxide to an aqueous solution of the purified nitrate, 

collected, and crystallised from benzene. 

(B) Harman (3 grams) was boiled during an hour with pu re 

ggzxxx srsa 

with hydrochloric acid (10 c.c. of concentrated acid and lo c.c. of 
water) when a bright yellow hydrochloride separated. This was 
collected and washed with ether. The substance is undoubtedly 
LylidentMrman hjdroM, and ,s very similar in appearance 

n-tTc?) th ^rt==^^ 

a 'pa™ yellow sol it ion is obtained which exhibits a most striking 
violet fluorescence. The whole of the hydrochloride was dissolve 
in pure pyridine (20 c.c.) and oxidised by means of a cold saturated 
solution of potassium permanganate until a pink coloration remain- 
mg permanent for an hour was obtained The excess of pern*, 
ganate was reduced by warming with a few drops of alcohol an 
the filtered solution evaporated to a small bulk and mixed w,t 
excess of hydrochloric acid. The yellow precipitate was collected 
and dissolved in the least amount of hot dilute ammonia and acidified 
with acetic acid, The pale yellow precipitate was collected, washed 
with hot water, and dried at 100’. It was then heated in a test 
tube with a little glycerol until carbon dioxide ceased to be evolved 
and the glycerol boiled. The product was mixed with water and 
picric acid added. The bright yellow picrate was eo lected, washed, 
and at once decomposed by ammonia in presence of a considerable 
volume of warm benzene. The separated solution was washed with 
aqueous sodium hydroxide and dried by solid potassium hydroxide, 
and after filtration the greater part of the benzene was removed by 
distillation. The crystals which separated were again crystallised 


from benzene. . , 

(C) Of the various sets of conditions tested for the conversion ol 
tryptophan into norharman the following gave the most satisfactory 
results. A mixture of tryptophan (3 grams), water (2o0 c.c.), 
sulphuric acid (2 c.c.), and aqueous formaldehyde (5 c.c. of 3a per 
cent.), added in the order named, was boiled during one minute, 
the lamp removed, and aqueous potassium dichromate (200 c.c. o 
10 per cent.) added and the liquid allowed to cool. Excess o 
sodium hydroxide was added and the liquid extracted several times 
with ethyl acetate. The extract was washed with a little dilute 
sodium hydroxide and then with dilute hydrochloric acid, and it a 
necessary to do this repeatedly, as norharman hydrochloride is 0 
some extent soluble in ethyl acetate. The combined acid solutions 
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fe re boiled with animal charcoal, filtered, and evaporated to a small 
yjt. The base was then precipitated by the addition of excess of 
sodium hydroxide and collected. The yield was 0'9 gram, which 
is 36 P er cen *- that demanded by theory. The substance is best 
purified by crystallisation of the nitrate from' dilute nitric acid 
jl . 3 ), this salt being sparingly soluble in the cold and crystallising 
in slender, yellow needles. The regenerated base is then crystallised 
from a mixture of ethyl acetate and light petroleum (b. p. 60 — 70°), 
and finally from benzene and dried at 100° (Found : C = 78'4 ; 
H = N = 17-0. C n H g N.> requires C = 78'5; H = 4'8; 
K = 16’7 per cent.). 

Xorharman crystallises from benzene in colourless, slender needles 
and melts at 198-5°. It is sparingly soluble in cold benzene or 
light petroleum, moderately soluble in ether or ethyl acetate, and 
readily soluble in methyl or ethyl alcohol. It is fairly readily 
soluble in hot water and crystallises on cooling in woolly needles, 
in neutral solvents, its fluorescence is barely perceptible, but in 
lilutc acid solution it exhibits a vivid blue fluorescence. The 
ijecimens of norharman prepared according to the methods .1 
and B above melted at 197 — 198°, and mixed with the especially 
purified specimen obtained from tryptophan melted at the same 
temperature. Norharman does not exhibit numerous colour 
reactions. It gives no colour with a pine shaving, nor with p-di- 
mcthylammobenzaldchydc and alcoholic hydrochloric acid. Neither 
does it show any sign of change in presence of vanillin and hydro- 
chloric acid, although the similarly constituted carbazolc gives a 
arple coloration with this reagent. Finally, it does not couple 
ith diazonium salts. On reduction with sodium in boiling butyl- 
coholic solution, a substance is obtained which no longer exhibits 
uorescence in acid solution. This product combines to some 
stent with p-nitrobenzenediazonium acetate to a reddish-brown 
w-derivative, orangc-rcd on the addition of hydrochloric acid. 

The memricMoride crystallises from hot dilute hydrochloric acid 
n yellow needles and is sparingly soluble. 

The perale crystallises from hot water ill flocculent, intensely 
yellow needles melting at 260° with decomposition. It may also 
* conveniently crystallised from ethyl alcohol in slender needles. 
It is very sparingly soluble in cold water and alcohol and has 
N'Jently been employed as a means of recovering norharman 
pm dilute solutions (Found : * N -- 17-8. C, -H , , 0 -X. requires 
P = 176 per cent.). 


Driwl at 10O . 


3 K 2 
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,ch 2 -co 2 h 

2-Carboxyindole-3-ucelic Acid, \ 

NH 

For the purposes of this research, this acid was prepared in 
quantity by a modification of the process of Wislicenus and Wat], 
m tiller (Ber., 1911, 44, 1572). a-Ketoglutaric acid (39 3 grams), 
dissolved in alcohol (300 c.c.), is mixed with a solution of phenyl, 
hydrazine (33 grams) in alcohol (200 c.c.) and then a stream of 
hydrogen chloride passed sufficiently rapidly to raise the alcohol 
to the boiling point. The liquid first darkens in colour, then 
becomes less coloured, and ammonium chloride separates. After 
heating under reflux for an hour, the ammonium chloride is filtered 
off, washed with alcohol, and the alcoholic hydrogen chloride 
removed by distillation under reduced pressure. 

On the addition of .water, the ethyl ester of 2-carboxyindole- 
3-acetie acid separates as a yellow syrup which soon solidifies and, 
after recrystallisation from a small quantity of alcohol, melts at 
S3 — 84°, as stated by Wislicenus and Waldmiiller. In order to 
obtain the free acid, it is convenient to boil the crude ester with 
dilute sodium hydroxide (8 per cent.) for about two to three hours. 
After filtering from a small amount of black tar, the solution is 
acidified with dilute hydrochloric acid, when, on rubbing, 2-carbosy- 
indole-3-acctic acid separates in small, brown crystals. For 
analysis, the acid was recrystalliscd from benzene (Found : C —60 " ; 
H = 4'5. C n H 9 0 4 N requires C = 60 3 ; II = 4’1 per cent.). 

2-Carboxyindole-3-acetic acid melts at 235—236° and exhibits a 
marked tendency to form supersaturated solutions. It dissolves 
appreciably in boiling water and separates, on cooling and scratch- 
ing, in minute white needles ; in alcohol, it is readily soluble, but 
much less so in benzene, and is almost insoluble in light petroleum, 
The alcoholic solution, mixed with p-dimethyiaminobenzaldehyde 
and a drop of hydrochloric acid, becomes reddish-blue on boiling 
and on cooling the colour largely fades, only a pale blue tint re- 
maining. The deep red' fish-blue colour develops again on boiling. 
The addition of a drop of sodium nitrite changes the cold, pale 
blue liquid to a deeper blue, which becomes still deeper on boiling. 
Heated in a test-tube, the acid decomposes with evolution of carbon 
dioxide, and the residue, boiled with very dilute sodium carbonate, 
deposits on cooling lustrous plates which melt at 95° and consist of 
scatole. 
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Dimethyl Ester of 'l-Carboxyindok-S acA Acid, 
C 8 H 5 N(C0 2 Me)(CH 2 -C0 2 Mc). 

Considerable quantities of this methyl ester were prepared by 
employing methyl alcohol in the place of ethyl alcohol in the ex- 
periment described at the commencement of this section. Most 
of the methyl alcohol and hydrochloric acid was distilled from the 
product under reduced pressure, when, on standing, the dimethyl 
ester separated in green crystals, which were collected and washed 
„ith water to remove ammonium chloride. A further yield of 
less pure material was obtained by diluting the methyl-alcoholic 
mother-liquor with water, and both crops were purified by re- 
crystallisation from methyl alcohol. The same substance was also 
obtained by esterifying 2-carboxyindo!e-3-acctic acid with methyl 
alcohol and hydrochloric acid in the usual manner (Found : C = 63 ’2 ; 
H = 5'3. C 13 H 13 0 4 N requires C = 63T; H — 5'3 per cent.). 

This dimethyl ester melts at 120 — 127 3 , is moderately readily 
soluble in boiling methyl alcohol, and separates in compact prisms. 
In general it is not so readily soluble in organic solvents as the 
diethyl ester. 

The alcoholic solution, containing p-dimcthylaniinobenzaldehyde 
rad hydrochloric acid, gives on boiling a pale red coloration which 
becomes more intense on the addition of sodium nitrite. 

The anhydride, C g H s N<^ 2 is formed when the acid is 

heated with acetic anhydride, and the presence of acetyl chloride 
appears to improve the yield and the purity of the product. A 
mixture of freshly distilled acetic anhydride (100 grams) and 
•"etyl chloride (10 grams) is added to the acid (20 grams) and the 
ixture heated gently, at first on the water-bath and then to boiling, 
lie acid dissolves and, when the solution is almost boiling, a mass 
: crystals separates; after standing for an hour, these are collected, 
ashed with acetic anhydride, and dried at 100 5 . The yield is 
bout 13 grams, and, for analysis, the anhydride was recry sta II isod 
'oiu acetic anhydride (Found : C — Git ; If = 4T ; X = G S. 
n H-0 3 S requires C — 65-7 ; M — 3 ">; X — Til pier cent.). 

When rapidly heated, this anhydride begins to blacken at 230’ and 
oelts with decomposition at about 2.10 \ It is very sparingly soluble 
a alcohol or ether anil insoluble in cold dilute sodium carbonate 
* hydroxide, but it dissolves readily in the latter on boiling. 

Tfo Acid-amide, (?).— With tile object of 

“htainmg the imide, the anhydride was dissolved in naphthalene 
lt ® and a current of carefully dried ammonia passed, when a 
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white, sparingly soluble substance separated, which proved to be 
the amide. Benzene was added to dissolve the naphthalene, and 
the white powder collected and washed with benzene, when it Was 
found that the substance was readily soluble in dilute sodium 
carbonate, and analysis proved that it was the amide figured above. 
The same substance was subsequently more conveniently prepared 
in the following manner : A mixture of the anhydride (10 gra m g) 
with solid ammonium acetate (50 grams) is melted and the melt 
boiled gently for half an hour. The clear liquid, on cooling and 
mixing with water and dilute hydrochloric acid, gradually deposits 
the amide as a green solid, which is purified by crystallisation from 
alcohol, from which it separates in colourless needles which melt at 
242—244° with decomposition (Found: C = 60'9; H = 4-6 ; 
N — 12'2. C n H 10 O 3 N 2 requires C = fi0'6 ; H = 4-6 ; N = 128 
per cent.). The solution of the amide in alcohol containing jj-di- 
methylaminobenzaldehyde and hydrochloric acid gives, on boiling, 
a purple blue coloration which fades somewhat on cooling. The 
addition of a drop of sodium nitrite in the cold changes the colour, 
and a peculiar diehroic liquid is obtained which is garnet-red to 
transmitted and blue to reflected light. 

Many experiments were made with this amide in the hope that 
it might he found possible to convert it into the imide (compare 
p. 1605). When the amide is heated in a test-tube, decomposition 
readily sets in and an odour reminiscent of scatole develops, but no 
imide appears to he formed. 

Similarly, the imide was not obtained when the di-ammonium 
salt of 2-carboxyindole-3-acetic acid was heated. The next attempt 
to obtain the imide was by heating the amide with acetic anhydride 
and acetyl chloride. When the amide was gently warmed on the 
water-bath with acetic anhydride (10 c.c.) and acetyl chloride 
(2 c.c.), it passed into solution, and, on further heating, the whole 
soon became semi-solid owing to the separation of a colourless, 
crystalline substance. After cooling, this was collected and re- 
crystallised from acetic acid, from which it separated in minute, 
colourless needles which melted, with decomposition, at about 312°. 
This characteristic substance is insoluble in sodium carbonate or 
hydroxide in the cold, but dissolves in 12 per cent, sodium hydroxide, 
on gently warming, to a vellowish-green solution (Found : C = 64 3 ; 
H — 4-0 ; N 11'3. C 13 H 10 O 3 N 2 requires C = 64'5; H ■-41: 
N = 1 T6 per cent.). This analysis indicates that the substance is 
an acetyl derivative of the imide of the probable constitution 

\i 3 , but so far we have not been successful 

in removing the acetyl group and obtaining the imide itself. 
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gimilar want of success attended a series of experiments on the 
iction of ammonia on the dimethyl ester of 2-carboxyindole-3-acetic 
icid (p- 1623)- If the dimethyl ester is heated in a sealed tube 
vith methyl alcohol saturated with ammonia at 0°, no crystalline 
mbstance separates, and, on opening the tube, a deep green colour 
Jevelops on the surface and the liquid stains the skin, 

fhe Anilide, C 8 H 5 N<Cqq. 2 j^ 4 ^j^ (?). — This derivative was 

irepared by boiling for fifteen minutes a mixture of aniline (3 grams), 
ice tio acid (5 grams), and the anhydride of the acid (2 grams; 
, 1023). On mixing the product with dilute hydrochloric acid, a 
, M en slime of crystals, containing acetanilide, separated, and these 
vere collected and extracted with dilute ammonia. The alkaline 
street was precipitated by hydrochloric acid, and the crystals, 
which were still sticky, were dissolved in sodium carbonate and 
igain precipitated with hydrochloric acid. The voluminous mass 
if colourless crystals (2 grams) was collected, washed with water, 
md recrystallised from alcohol, from which the substance separated 
in needles melting at 216—217° (Found: C = 69'6; H = o’O. 
C' 17 H 14 0 3 N 2 requires C = 69'4 ; H = 4-8 per cent.). When this 
anilide (1'6 grams) was warmed with acetic anhydride (10 c.c.) and 
acetyl chloride (I'o c.c.), it dissolved, and, on cooling, crystals 
separated which, after washing with alcohol and crystallising from 
acetic anhydride, melted at 182° (Found: C = 67-8 ; H — 4-8; 
X - 8'2. CjjHjjOjNj requires C = 07 8 ; H = 4 8 ; N = 8 3 per 
tent.). 

This substance is insoluble in dilute sodium carbonate or hydr- 
oxide and evidently corresponds with the mixed anhydride 
of the anilide of 2-carboxyindoIe-3-acetic acid and acetic acid. 


Its constitution is probably that represented by the formula 

,, „ „xCH,-C0'(H’0-CH 3 

W^CO-NH-CJI, 


Indole-2-carboxylic Acid, l J.JcO.Jl . 

V NH 

This acid, which we required in considerable quantities, was, 
n the first instance, prepared from pyruvic acid and pbenylhvdr- 
™ e *>y the method discovered by E. Fischer (An link it, 1866, 236, 
Subsequently, a modification of the process deseribed by 
'wrt (Ber., 1897 , 30, 1030) was worked out, which was found 
^"'‘nielli, and is briefly as follows : — o-Nitrophenylpvruvic 
1 ^ 'V ( . s II,-(H 2 -( '( )-( 'OJI (20‘!) grams), prepared as described by 
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Reissert, is dissolved in ammonia (140 c.e. of d 0-880 diluted with 
200 ce of water), a hot solution of crystallised ferrous sulphate 
ngO grams in 200 c.e. of water) gradually added, and the whole 
first warmed on the water-bath for half an hour and then boiled 
for the same time. After filtering, the filtrate and washings of the 
ferric oxide are concentrated considerably and acidified, when 
indole-2-carboxylic acid separates in the form of a white, crystalline 
powder which, after remaining over-night, is collected, washed with 
cold water, and dried in the steam-oven. In this condition the 
acid is nearly pure, melts at 202-204“, and the yield is 12-13 
grams, or about 70 per cent, of theory. 

On heating in alcoholic solution with p-drnicthylaminobenz. 
aldehyde and hydrochloric acid, indolc-2-carboxylic acid develops 
a red coloration, which fades on cooling and returns again on 
boiling. 


Indok-2-Cfirboxyacelnhjhmide (Formula XIII). 

\s stated in the introduction, this substance is produced when 
aminoacctul reacts with indolc-2-carhoxylic chloride. The pre- 
paration of this acid chloride was found to bo a matter of some 
difficulty, but ultimately the following procedure led to the desired 
result. 

Indolc-2-carboxylic acid (3 2 grams), thoroughly dried, powdered, 
and passed through a fine sieve, is placed in a small fractionating 
flask, mixed with freshly distilled acetyl chloride (35 grams), and 
then’ powdered phosphorus pentachloride (4-2 grams) gradually 
added to the suspension, the whole being well cooled during the 
addition. The flask is removed from the ice and gently warmed by 
the heat of the hand until the pentachloride has disappeared. 
After remaining at the ordinary temperature for four hours, the 
flask is connected with the pump, and the acetyl chloride and 
phosnhoryl chloride are removed by warming in water at about 
40°, "and finally at oO— 55°. The residual acid chloride, although 
somewhat brown, is pure enough for the next operation, which is 
carried out as follows. The acid chloride is dissolved in warm dry 
chloroform (30 c.c. distilled over phosphoric oxide), the solution 
filtered rapidly from a little brownish-red impurity, cooled, and 
then aminoaoetal ( V4 grams) dissolved in dry chloroform (10 c.c.) 
added, the vigorous reaction being controlled by careful cooling. 
After fifteen minutes, the flask is removed from the ice and salt, 
the chloroform distilled of! under reduced pressure, the residue 
mixed with water, the crystalline precipitate collected with the aid 
of the pump, and dried on porous porcelain in a vacuum desiccator. 
The yield is about 80 per cent-, of theory, and the substance, in this 
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condition, melts at 131—132° and iq 
was crystallised from alcohol (Found : 0=65-1 H - 

Cli H !0 O 3 N 8 requires C = 65-2; H = 7-2- 7, ' 

lndde-2-carbozyacetalylamide melts at 1 qu° ; 

Jcohol but less so in ben.Be, 

s Jjri r di,y solubie in ^ 

burning yellow li 

akes place rapidly at about 140°. I ,1 a quantitat' deCOmpo . sltlon 
arried out under these conditions it »•»? f , “l )enment 

'f 2 f 7 iThT 4 ' ° f a ' iCO i? 1 ’ WllereaS the ^‘“^tiond one mole-' 
ith 333 per cent. molecules, 

■oluWc in most neutral organic solvents, 'it d^lv^ThoSc 
aad, but does not separate on eooiing, and the addition o tat 

S £ “ am ° rPh0US P0Wder - «s not fur tl 


S-/Ccto-4 : o-aihydroindukiiazim (1 : 4) (Formula XV) 

3 — 71-7; H — 4 .‘i . V * ■ '-uMjOAj requires 

«*** of this compound in ethyuLwttorJ 1 ' 0 ^ 

«on of a drop tf «nJK£ J “ £“■ ** *• 

sr:?t aar 

^rofthiseStidt <?*> 

C."a‘ e pTne I th't^/I 0l ’ ill i ,!l ' iU , 0f ‘^’following 

■tot alcoholic hvioeh oric oid 7 "' Mk bv 

•alcoholic solutln “ h o- Id t ° thp s,lbsta ««- When 
J'drochloric acid and a t ' l an c< l' ,a f v °l u me of concentrated 

a gr Jiotlt Sfi t ^^-^Idehyde 

^obtained. The tit ! ^° m ?, blBe t,le of 

"«*- wd <m the addition oflvater “ 

3 k* 
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down Addition of sodium hydroxide causes a colour change 
through blue and green to yellow, p-Nitrobenzenedmoniim, 
chloride to which sodium acetate in excess is added gives with an 
alcoholic solution of the substance a yellow colour changing to 
orange and reddish-brown and finally a reddish-brown precipitate 
of an azo-derivative. In presence of sodium hydroxide the coupling 
occurs immediately to a deep bordeaux-red solution, and the reddish, 
brown precipitate is obtained on acidification. On boiling the 
substance (m. p. 247°) with concentrated hydrochloric acid, the 
initially clear yellow solution clouds at a certain stage and becomes 
faintly green. The crystalline material in suspension becomes 
viscous, and on the addition of water a sulphur-yellow material j» 
precipitated. The reaction suggests polymerisation and instability 
to vigorous treatment with acids. No doubt he very unusual 
constitution of this compound would modify the indole colour 
reactions to a considerable extent, and tests were therefore also 
applied to a reduction product which can be obtained by the action 
of an excess of sodium in boiling butyl alcohol. The pine-shaving 
reaction was mauve-red, and stronger than with the original sub- 
stance. The dimethylaminobenzaldehyde reaction was rose-red, 
the vanillin -hydrochloric acid reaction was bright red, changing to 
purple on heating, whilst the coupling with p-nitrobenzenediazoniim 
acetate gave a brownish-red as before, but the azo-derivative was 
in this case an indicator, and changed to crimson on the addition 
of hydrochloric acid. At an early stage of this investigation, it 
was thought that this substance might be a derivative of 4-carboline, 
and attempts were made in various directions to convert it into 
norharman, but uniformly without success. The products oi 
distillation with zinc dust are indole and an orange base which 
sublimes readily and dissolves in dilute acids to an intense orange- 
yellow solution. This interesting substance could not be obtained 
in sufficient amount for examination. It may also be mentioned 
that the action of magnesium methyl iodide on the compound 
(m. p. 247°) in benzene solution results in the production of a base 
which fluoresces viol'-* in ethyl acetate solution, but docs not 
exhibit fluorescence in aqueous acid solution, a behaviour whic 
is the reverse of that of barman. 


Condensation oj I ,idoU-i-mrho:ajlic Chloride with Alanine Ester 
and with the Sodium Derivative of Ethyl Aceioacctale. 

Indol(-2-earboxii-s.-(c(:rbftlmxii)ethylanude, 

C 8 H 6 N-C0-NH-CHMe-C0 2 Et. _ 

—This substance was readily obtained by the mixing of the » C1 
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■blonde from 1'6 grams of indole -2-carboxylic acid (p. 1626) with 
i chloroform solution of alanine ester (2-4 grams), when a colourless, 
•rystalline substance soon separated, This (1’4 grams) was 
collected, washed with chloroform, and dried in a vacuum desiccator 
ever sulphuric acid, when it melted at 202° (Found : C = 64'4 ; 
H = 6'2. requires C = 64'6 ; H = 6'2 per cent.). 

i.Carbethoxy-a-methylvinyl Indolc-2-carboxyhtr., 
C 8 H 6 N-C0-0-CMc:CH-C0 2 Et ( ?). 

—The interaction of indole-2-carboxy!ie chloride with the sodium 
derivative of ethyl acetoaeetate was studied in the hope that the 
product, on hydrolysis, might yield 2-acetylindole, C 8 H 6 N’CO'CH 3 , 
but apparently it is formed hy the interaction of the acid chloride 
with the enol modification of ethyl acetoaeetate. Indole-2-carb- 
oxylic acid (3'2 grams) was converted into the acid chloride in the 
usual manner (p. 1626), and the latter, dissolved in ether, added to 
an alcoholic solution of the sodium derivative of ethyl acetoaeetate 
prepared from sodium (l gram) and ethyl acetoaeetate (5'2 grams). 
As there was little apparent change after twenty-four hours, the 
ether was slowly distilled off and the alcoholic solution heated on 
the steam-bath for half an hour. On adding water, a rather dark, 
semi-solid mass separated, which was collected, washed, and crystal- 
lised first from alcohol and then from benzene (Found : C = 66’0 ; 
H = o’3. C 15 H 15 0„N requires C = (!5 tl ; H — 5 .3 per cent.). 

This substance melts at 101°, is insoluble in dilute sodium 
hydroxide, and gives, in alcoholic solution with ferric chloride, only 
a faint green coloration. It therefore appears likely that it has the 
constitution assigned to it above. 


NO, 

o-Nitro-p-folijl Methyl Ether, Afe(^ ^O.Me. 

This substance may be readily obtained from o-nitro-p-tolyl 
carbonate (Friedlander, “FortschrittederTheerfarbenFabrikation,'’ 
Vol. 9, p. 151) by hydrolysing with excess of sodium hydroxide 
solution and adding to the well-cooled product methyl sulphate and 
'sufficient sodium hydroxide. 

A better plan is to precipitate the o-nitro-p-cresol from the 
dkaline solution, obtained by the hydrolysis of the carbonate, by 
lydrochloric acid, to collect this with the aid of the pump, dry on 
porous porcelain and then methylate in the following way. Sodium 
Pmols.), dissolved in the minimum quantity of methyl alcohol, is 
added to the solution of o-nitro-p-cresol (1 mol.) in methyl alcohol, 
whole well cooled, and then methyl sulphate (1 mol.) added 
dowly with shaking and cooling. The product is warmed on the 

3 K* 2 
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water-bath for half an hour, cooled, the sodium sulphate filtered 
off, and washed with a little methyl alcohol. The methyl alcohol 
is distilled off under reduced pressure, water added, and the crude 
methyl ether extracted with benzene and then the benzene solution 
extracted with dilute sodium hydroxide. After drying over calciu m 
chloride and distilling off the benzene, the o-nitro-p-tolyl methyl 
ether is distilled under reduced pressure ; it boils constantly at 
150720 mm. The yield approximates to the theoretical. 


o-Nitro-v-methoxyphenylpyruvic Acid, C0 2 H-COCH 2 ^ ^OMe. 

In preparing this acid, sodium (0'2 grams), dissolved in alcohol 
(92 grams), was cooled and gradually mixed with ethyl oxalate 
(29-2 grams). o-A'itro-p-tolyl methyl ether (16 6 grams) was then 
added and the mixture kept at 35 — 40° in a thermostat for three 
days. The dark reddish-brown, gelatinous mass was cooled in ice, 
decomposed by the calculated amount of a mixture of equal weights 
of concentrated hydrochloric acid and ice and most of the alcohol 
distilled off from the water-bath under reduced pressure. The salt 
which had separated was removed with the aid of the pump, washed 
with ether, and the liquid extracted with ether until the extract 
was scarcely coloured red by the addition of sodium hydroxide. 
The ethereal solution was repeatedly shaken with dilute sodium 
hydroxide (3 per cent.), when, on acidifying the alkaline extract, 
crude o-nitro-p-methoxyphenylpyruvic acid separated and was 
extracted with ether. On standing, the ethereal solution deposited 
a small quantity of a substance very sparingly soluble in ether ; 
this was removed by filtration and the ethereal solution dried and 
concentrated. 

On adding benzene, the new acid gradually separated in a crystal- 
line condition and was recrystallised from benzene, from which it 
separated in well-developed, yellow needles. These crystals con- 
tain benzene of crystallisation, melt at about 80”, but when heated 
rather below this temperature they become opaque and the melting 
point is then 144 —Mo”. The loss in weight was found to be only 
7'5 per cent., corresponding with the formula 4 C 10 H 9 O c N,C s H s , 
which contains 7’5 per cent, of benzene (Found : in material 
heated at 80 — 90° until the weight was constant, C = 50'3;II = 3'!); 
N = 5-8. 0 1Q H,O 6 X requires C = 502 ; H = 3’8; N = 5'8 per 
cent.). 

o-Mtro-p-methoxyphenylpyruvic acid is readily soluble in ether, 
alcohol, or acetic acid, but sparingly so in benzene. It dissolves 
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appreciably in boiling water, and separates, on cooling, in pale 
greenish-yellow needles. Sodium hydroxide dissolves it with a 
deep purplish-red coloration. It reacts with phenylhydrazine, 
yielding a substance which melts at about 157°, but this has not 
been further investigated. 


NO, 

a.yilro-'p-methoxyphenylacetic Acicl, C0 2 H-CH 2 <^ ^)OMe. 


This acid is readily obtained under the following conditions : 
o-Nitro-p-methoxyphenylpyruvic acid, dissolved in the minimum 
amount of sodium hydroxide (2 per cent.), is cooled in ice-water 
-nil hydrogen peroxide solution slowly added until a tost portion 
jves only a faint red coloration with sodium hydroxide. On 
cidifying. o-nitro-p-methoxyphenylacetie acid is precipitated as a 
andy powder and may be recrystalliscd from 50 per cent, acetic 
tid, from which it separates in yellow needles. It molts at 157 — 
58° and decomposes vigorously when it is heated, a fact which 
tadered analysis difficult (Found; N = 7'1. C e lI 9 0 5 N requires 
S = 6'7 per cent.). 


o-Azoxy-p-melhoxyphcnylacelic Acid, 

o 

C0 2 H-CII 2 -G 6 H 3 (0Mc)-y:N-C s H 3 (0Me)-CH 2 -C0 2 H. 

Erissert ( Ber ., 1909, 41, 3924), in describing bis experiments on 
tie reduction of o-nitrophenylaeetic acid to dioxindole with zinc 
jdust and sulphuric acid, mentions that be obtained as by-product, 
azophenylacetie acid. On reducing o-uitro-p-inethoxypbenyl- 
cetie acid under the same conditions, the main product isolated 
as the azoxy-derivative. o-Xitro-p-methoxyphcnylpyruvic acid 
1" grams) was oxidised with hydrogen peroxide to o-nitro-p- 
oethoxyphenylaeetie acid under the conditions given in the last 
ection, and the latter add was precipitated by adding sulphuric 
icid (10 c.c. of 50 per cent.). Zinc dust (13 grams of 90 per cent.) 
ms then added in small quantities and with vigorous shaking, the 
temperature being kept at about 30°. After remaining over night, 
he solid was collected, washed well, and reervstallised from 50 per 
®t. acetic acid, from which the azoxy-derivative separated in 
|«t, brownish -yellow needles which melted at 173 — 174 3 (Found : 
'=»0; H = 5-1; N = 8'0. C 18 11 18 0 ; X 2 requires C = 57‘7 ; 
a l'8; N — 7'5 per cent.). 
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Q.Mdhoxyindde-2-carboxylic Acid (Formula XXXVI). 

This acid is obtained from o-nitro-p-methoxyphenylpyruvic acid 
bv reduction with ferrous sulphate and ammonia under the con- 
ditions already described in detail in the ease of the preparation of 
indole-2-carboxylic acid from o-nitrophenylpyr.me acid (p. 1625). 
The only point of difference is that the ammonium salt of the 
mcthoxy-acid is less soluble than that of the unsubstituted acid, 
and usually crystallises out to some extent from the filtrate of the 
ferric oxide sludge, which requires therefore to be well washed with 
hot water On acidifying the ammomaeal filtrate, 6-methoxy. 
indole-2-carhoxylic acid separates as a sandy, crystalline powder, 
the yield being about 70 per cent, calculated on the pyruvic acid 
employed (Found: C = 63 0; H = 4-7. C 10 H 9 O 3 N require, 

C = 62'8; H = 4-7 per cent.). 

ft-Methoxyindole-2-carboxyUc acid closely resembles mdole-2- 
carboxylic acid in appearance and in many of its properties. It melts 
at , x9frl- 197°, and decomposes a few degrees above this into carbon 
dioxide and 6-methoxyindole (see below). It is readily soluble is 
boiling alcohol, and, when the solution is allowed to cool slowly, 
the acid separates in well-defined, prismatic needles. It crystallises 
from acetic acid in lustrous plates which lose their lustre on heating 
in the water-oven owing to elimination of acetic acid of crystallisa- 
tion. The boiling solution in alcoholic hydrochloric acid gives with 
-p-dimethylaminobcnzaldehyde, a red coloration, which almost 
disappears on cooling; the addition of sodium nitrite then produces 
a deep greenish- blue coloration. 


6 -Melhoxyindole (Formula XXXIX). 

This new derivative of indole is obtained when 6-methoxyindole- 
2-car boxylic acid is cautiously heated in a test-tube by means of a 
sulphuric acid bath somewhat above its melting point (197°) until 
decomposition is com- lete. The residue is boiled with water 
containing a little sodium carbonate and filtered hot, when, on 
cooling, 6-methoxyindole separates in colourless, glistening leaf- 
lets (Found: C - 73'2 ; H = C'2. C 9 H 9 ON requires C = 734; 
H = 61 per cent.). 

6- M fthoxyvndoh' melts at 91 — 92° and has a faint and not un- 
pleasant odour somewhat reminiscent of that of indole, with which 
substance it exhibits considerable similarity in appearance and 
properties. 

It is readily soluble in the usual organic solvents with the excep- 
tion of light petroleum, from which it can very conveniently 



HARMINE AND JIARMALINE. PART V. 


1633 


be recrystallised. When heated in alcoholic solution with p-di- 
m ethylaminobenzaldehyde and a drop of hydrochloric acid, a 
purplish-red colour develops, which does not fade on cooling. The 
addition of a drop of sodium nitrite intensifies the colour. If, 
however, the alcoholic solution is mixed with several drops of 
hydrochloric acid and heated, the initially red solution becomes 
niore deeply coloured, then bluer, and ultimately a somewhat faint 
greenish-blue, and the colour is intensified by adding nitrite. 


Q.Melhoxyindole-2-carboxyacetaly!amide (Formula XL). 

This substance is obtained by the action of aminoacctal on the 
chloride of 6-methoxyindole-2-carboxylic acid essentially under 
the conditions described in detail in the case of the preparation of 
indole-2-carboxyacetalylamide (p. 1626). The principal difference 
noticed was that the methoxy-aeid appeared to react more readily 
and smoothly with phosphorus pentachloride than the unsub- 
stituted acid (Found : 0 = 62-9; H = 7-2. C lc H 22 0 4 X 2 requires 
= C2'7 ; H = 7'2 per cent.). 

This acetalylamide is very similar in appearance and properties 
i indole-2-carboxyacctalylamide, and is also decomposed on 
eating with elimination of alcohol and formation of a resinous 
ibst&nce. 

It melts at 123° and crystallises well from benzene, in which 
Jvent, as also in alcohol, it is more readily soluble than the simpler 
impound. 


W-Methoxy-o-keloA : 5 - dihydroindolediaziw (1 :4) (Formula XLI). 

In preparing this substance, fi-mcthoxyindole-2-earhoxyacetalvl- 
unide is added to a saturated solution of hydrogen chloride in 
dcohol and kept at 40 — 45° until yellow crystals separate. After 
•emaining over-night, the precipitate is collected and rcerystallised 
horn alcohol (Found : C = 671 ; H - 4-8. C,, H lu 0 2 N, requires 
C = 67’3; H = 4-7 per cent.). 

Melhoxyketcdihydroindolediazme melts at 253° with previous 
sintering. It is moderately soluble in acetone, less soluble, in alcohol, 
*1 still less so in benzene, and separates from alcohol in well- 
defined, yellow needles. Both this substance and ketodihydro- 
"wlediazine (m. p. 247°; p. 1627) exhibit a vivid blue iluor- 
*enee in neutral or alkaline, but not in acid, solution, and this 
eet is best seen with the aid of the light of burning magnesium 
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3 -Methylindok-2-carboxylM Acid (Scatok-2-carboxylic Acid) 
(Formula XXV). 

It is stated in the introduction (p. 1609) that this acid may 
conveniently prepared from the product of the condensation of 
o-nitrotoluene with ethyl oxalate and sodium ethoxide, by direct 
methylation followed by the reduction of the product. The con- 
delation product prepared as recommended by Reissert (fj er , 
1897 30, 1030), after keeping at 40° for three days, is cooled and the 
red, gelatinous mass mixed with one and a half times the calculated 
quantity of faethyl iodide, when decomposition sets in at once with 
some evolution of heat. The mixture is heated to boiling for two 
days during which the red colour changes to brown, the alcohol 
and excess of methyl iodide are then distilled off under reduced 
pressure water is added, and the whole extracted three times with 
ether. After washing well with water and drying over calcium 
chloride, the ethereal solution, is allowed to remain over-night, 
during which it deposits a small quantity of a reddish-brown, 
crystalline substance, which was not further examined. The 
filtered ethereal solution is evaporated and the yellowish-brown 
syrup — which presumably consists mainly of ethyl a-keto^fi-o-nitro- 
phenylbutyrate., C 6 H 4 (N0 2 )-CHMe-C0-C0 2 Et-(5 grams) is dis- 
solved in glacial acetic acid (30 c.c.) and gradually reduced by 
zinc dust (13 grams of 90 per cent.), the addition of the latter being 
so regulated that the temperature does not rise above 50°. The 
product is mixed with water, extracted several times with ether, 
the ethereal solution, which exhibits a striking bluish-green 
fluorescence, washed with water and dilute sodium carbonate 
solution, and quickly dried over potassium carbonate, during which 
S-methoxy-i-metbjl-x-quinolone commences to separate (see below). 
The ethereal solution is rapidly filtered and left for two days in the 
ice chest, filtered from the quinolone and evaporated, when a 
yellow syrup remains which gradually crystallises and ultimately 
becomes semi-solid. Purification is host achieved by distilling the 
whole under reduced pressure, when the ethyl ester passes over 
at 210°/8 mm., leaving ? considerable carbonaceous residue. The 
ester soon solidifies, and may be crystallised from alcohol, from 
which it separates in stout needles melting at 135° (compare 
Wislicenus and Arnold, Anualen, 1888, 246, 334) (Found : C = 70 '7 1 
H = 6’4. Cj 2 H, 3 0,X requires C = 70'9 ; H = 6'4 per cent.). 

Z-Methylindole-2-carboxyUc acid is readily obtained from the ester 
by boiling with methyl-alcoholic potassium hydroxide, adding 
water, evaporating off the methyl alcohol, and acidifying with 
hydrochloric acid, when the acid separates as a putty-like mass, 
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vhich soon solidifies and crystallises well from dilute acetic acid in 
jeedles melting at 164“ (Found : C = 68’5; H = 52. C 10 H 9 O 2 N 
tquires C = 68'6; H = 54 per cent.). 


’j.MethoxyA-meAyU-qmnohw, C 6 H 4 <^ e, 9"® Me (of. p. 1610). 

JNrl~CO 

This substance, obtained as described above, is produced only 
in a yield of about 2 per cent, under these conditions. It melts at 
jlj* is almost Insoluble in ether, and sparingly so in alcohol, from 
jliich it separates in concentric groups of needles (Found : 
C = 70-0 ; H = 56; N = 74; MeO = 1G9. C u H u O s N re- 
quires C = 69-8; H = 5'8; N - 7 ‘4 ; MeO = 164 per cent.), 
jlethoxymethylquinolone is insoluble in warm dilute ammonia, but 
dissolves immediately in methyl-alcoholic potassium hydroxide 
(25 per cent.) in the cold, and a crystalline substance is deposited, 
which is apparently a potassium derivative. On acidifying with 
hydrochloric acid, the quinolone separates as a chalky mass con- 
sisting of microscopic, fern-like leaves. 

3.Metfojlindoh-2-carboxyacetabjhmide (Formula XXX). 

In preparing this substance, 3-methylindolc-2-carboxylic acid 
(1-7 grams) was suspended in freshly distilled acetyl chloride 
(20 grams) and gradually mixed with phosphorus pentnchloride 
(21 grams), rise of temperature being avoided. The product was 
treated exactly as described in the, ease of the chloride of indole- 
’carboxylic acid (p. 1620) and very carefully mixed with a dry 
chloroform solution of aminoacetnl (3 grams), and it is necessary 
i this case to take special care to avoid rise of temperature, other - 
ise a dark product is obtained. 

Alter distilling off the chloroform under reduced pressure, the 
tsidue is recrystallised from benzene. The yield is more than 
t per cent, of theory (Found : C = 064 ; H = 7’7, C 16 H.,.,0 ;s N 2 
equires C — 00’2 ; H = 70 per cent,). 

‘llkthylindoh-Z-carboxyaalali/lamide. separates from benzene, 
» which it is moderately readily soluble, in colourless needles and 

Bielts at 115°. 

5-Keto-l-mthyl-i : o-dihydroindohdiazinc (1 : 4) (Formula XXXI). 

This substance is obtained when 3-methylindole-2-carboxy- 
Wetalylamido is mixed with alcoholic hydrogen chloride and the 
fixture warmed to 40 — 45° (compare p. 1627). Yellow crystals 
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separate which are collected and twice recrystallised from alcohol 
(Found: C = 729; H = 5-0. C 1S H 10 ON 2 requires C = 72'7; 
H — 5-0 per cent.). 

This substance melts at 210° and in appearance and properties 
closely resembles 5-keto-4 : 5 -dihydroindolediazine (p. 1627). Both 
substances dissolve in alcohol, yielding pale yellow solutions which 
fluoresce green. When sodium is added to the solution of either 
in boiling butyl alcohol, reduction takes place and the solutions 
exhibit a remarkable yellowish-green fluorescence. Again, both 
substances couple readily with diazotised sulphamhc aerd, yielding 
dyes which dissolve in alkalis with an orange-yellow and in acids 
with a yellow colour and dye wool yellow from an acid bath. Tbs 
relation of these substances to I -niethylisoquinolone is a close one 
loth in regard to formal constitution and properties. 


1 : S-THmethylindok-Z-carboxylic Acid (Formula XXXII), 

This acid, which does not appear to have been previously 
described, is obtained from coketobutyric acid by simply heating 
with oa.-phenylmcthylhydrazine and hydrochloric acid on the steam- 
bath. Methyloxalacetic ester (Wislicenus and Arnold, AnnA.it, 
1888, 246, 336; 12 grams) is added to a mixture of concentrated 
hydrochloric acid (30 c.c.) and water (60 c.e.) and the whole gently 
boiled until the evolution of carbon dioxide has ceased and the oil 
has completely disappeared. After allowing to cool, crude phenyl- 
methylhydrazme * (10 grams) is added and the mixture heated on 
the steam-bath, when, in a short time, needles of dimethylindole- 
carboxylic acid commence to separate and soon till the liquid. 
The acid, after being collected, washed, and dried at 100°, melts at 
197—200° and the yield is almost theoretical. In this condition 
it may be used directly for the work described below. For analysis, 
it was recrystallised from benzene containing a little alcohol (Found : 
C = 70-0; H = 6-0; N = 7-6. C n H u 0 2 N requires C = 69-11; 
H — 5-8 ; N = 7-4 per cent.). 

1 : 3-Dimethylindole-Z-carboxylic acid decomposes suddenly at 
about 213° without prev.ous fusion. It is readily soluble in alcohol, 
hut almost insoluble in cold benzene or light petroleum, ami 
separates from a mixture of benzene and alcohol as a colourless 
crystalline powder. The alcoholic solution, mixed with p-dimcthyl- 
aminobenzaldehyde and hydrochloric acid, gives no coloration until 
nitrite is added and then a red colour develops, which slowly fades. 

* For such purposes, the crude mixture of phcnylmethylhydrazine with 
some methylaniline which results from the reduction of mtroaomethylaniline 
with zinc dust and acetic acid may be generally used with success. 
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1 : B-Dimfthylmdole-2-carboxyacdalylaniik, 

I . yCO-NH-CH 2 -CH(OKt) 2 . 

NMe 

In preparing this substance, I : 3-dimcthylindole-2-carboxvlie 
icid is made into the acid chloride with acetyl chloride and 
phosphorus pentachloride in the usual manner (p. 1626), and this 
is then condensed with aminoacetat in chloroform solution. After 
distilling off the chloroform and adding water, the crystalline mass 
is collected, dried on porous porcelain, and crystallised from a 
mixture of benzene and light petroleum (Found : C = 67-1 ; 
H = 7'9. C 17 H M 0 3 N a requires C = 67-2 ; H = 7-9 per cent.). 

Phis substance separates from a mixture of benzene and light 
petroleum in long, colourless hairs and melts at 110—111°. In 
its properties, and especially in its manner of crystallising from 
various solvents, it differs rather markedly from the other sub- 
stituted aminoacetals described in this communication. Although 
there was no probability of a diazine being formed, some of the 
substance was treated in the usual manner with alcoholic hydrogen 
chloride (p. 1627), but no darkening of the solution took place, nor 
did crystals separate. On adding water, a sticky substance was 
deposited, which may have been the corresponding aldehyde, or 
so oxazole derivative, but the matter was not further investigated. 


\-Methylindole-2-carboxyacelalylamidc (Formula XXXIII), 

The l-methylindole-2-carboxylic acid required for the preparation 
of the above substance was obtained from phenylmethylhydrazinc 
and pyruvic acid by the method described by E. Fischer and 0. 
Hess (Ber., 1884, 17 , 561). This acid gives, in alcoholic solution, 
with p-dimethylaminobenzaldehyde and hydrochloric acid, a deep 
purple coloration which fades somewhat on cooling. A drop of 
sodium nitrite then gives a more intense red, which fades on boiling. 

The acid chloride was made by acting on the acid (3-5 grams) 
with acetyl chloride (30 e.c.) and phosphorus pentachloride (4-2 
grams) in the usual manner (p. 1626). The conversion of the 
chloride into l-methylmdolyl-2-aminoaeetal also proceeds normally 
(?■ 1626), but the product, after distilling off the chloroform, 
exhibited little tendency to crystallise until it was rubbed with 
water, The crude crystalline mass, after being collected and dried, 
weighed 4-6 grams and wa-s nearly pure (m. p. 102—103°). For 
analysis, it was recrystallised from benzene and then melteH »t. 
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106—107° (Found: C=66-4; H = 7-6. C^H^N,; requires 
C = 66-2 ; H = 7-6 per cent.). 

2-Kelo-l-mdhyl-2 : Z-dihydro-4.r.arboUne (Ketomethyldihydro. 
norhaman) (Formula XXXIV). 

This interesting substance is obtained when 1-methylindolc. 
2 -oarboxyacetalylamide is warmed with alcoholic hydrogen chloride 

a {. 40 450 f or a few minutes. The colourless crystals which 

separate are collected and appear to consist of a hydrochloride, and 
this must not be washed with alcohol, since it is soluble in alcohol 
containing hydrogen chloride. If, however, the substance, after 
draining on porous porcelain, is dissolved 111 much hot alcohol, 
ketomethyldihydrocarboline itself separates, on cooling, in long, 
colourless needles. For analysis, the substance was again crystal, 
lised from alcohol (Found : C = 72-7 ; H - 5-0. C 12 H 10 OXj 
requires C = 72-7 ; H = 5-0 per cent.). 

2-Keto-l-melhyl-2 : 3 -Aihydro-i-carbdinc mods at 242 and is 
generally more readily soluble in organic solvents than 5-keto-4 : 5- 
dihydroindolediazine (m. p. 247“; p. 1627). Unlike the latter 
substance, it is appreciably soluble in boiling water. Its basic 
character is definite although feeble, and it is also phenolic. I 11 
both acid and alkaline solution it exhibits blue fluorescence. 

Synthesis of 4-CarboIine ( Xorharman ) (Formula II). 

2-Keto-l-methyl-2 : 3-dihydro-4-carbolinc, finely powdered and 
intimately mixed with twenty times its weight of pure zinc dust, 
was cautiously distilled in a stream of hydrogen over a layer of 
zinc dust about eighteen inches long contained in a hard-glass tube 
heated in a combustion furnace. The distillate was a pale yellow 
resin and the portion of the lube containing it was cut out, ground, 
and extracted with boiling dilute acetic acid with the addition of a 
little animal charcoal. The filtered solution exhibited intense 
blue fluorescence, and o- the addition of a hot solution of picric 
acid gave a voluminous precipitate of a picrate. This was collected 
and recrystallised twice from hot water. The base was then re- 
generated into ether by means of dilute potassium hydroxide and 
the ethereal solution well washed with concentrated aqueous 
potassium hydroxide and dried over the solid reagent. The residue, 
after removal of the solvent, could be crystallised from benzene and 
had all the properties of norharman. The melting point was always 
unsatisfactory, however, and as it seemed probable that this was 
due to admixture of norharman with its X -methyl derivative, the 
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following procedure was adopted. The base was dissolved in dilute 
hydrochloric acid, the benzene mother-liquors and the apparatus 
employed in crystallisations were washed with the same reagent, 
and the combined solutions were concentrated, and the base 
precipitated by the addition of ammonia, collected, washed with 
water, and dried in air. The material was then mixed with a little 
hydriodic acid (d 1*8} and heated in a test-tube in a sulphuric acid 
hath to about 300°. The process was repeated twice and the 
product triturated with sulphurous acid, dissolved in hot alcohol, 
and alter the addition of potassium hydroxide diluted with water 
eid extracted with ether. The ethereal solution was washed with 
aqueous potassium hydroxide and then with water and finally with 
iilute nitric acid. This acid extract was concentrated on the 
steam-bath and on cooling the nitrate crystallised in pale yellow 
see dies. The salt was once recrystallised from hot dilute nitric 
icid and the base was then regenerated and crystallised from 
jenzene. The compound was thus obtained in colourless needles 
nelting at 198° and at the same temperature when mixed with a 
pecimen of norharman obtained as described on p. 1019. 


b-Melhoxy-S-mcIhylindole-Z-carlonjlic Acid (Formula XL11I). 

This acid was synthesised from o-nitro-p-tolyl methyl ether 
(p. 1629) in a manner similar to that employed in the synthesis of 
3-mcthvlmdok'-2-carboxylic acid from o-nitrotoluene (p. 1634). 
Sodium (1-6 grams), dissolved in alcohol (70 c.e.), was cooled, 
mixed with ethyl oxalate (14-6 grams) and then o-nitro-p-tolyl 
methyl ether (8-3 grams) added. After keeping for three days at 
40°, the thick, dark red mass was thoroughly mixed with methyl 
iodide (28 grams) and the whole heated under roilux for twenty- 
four hours, when the red colour had almost disappeared. 

The alcohol and excess of methyl iodide were distilled off under 
reduced pressure, water was added, and the mass extracted several 
limmrith ether. The ethereal extract was washed with water, dried 
over calcium chloride, and the ether distilled off, when a syrup re- 
mained which did not crystallise but evidently consisted of elh yi x-teto- 

f-'J-. , !ifro-p-meiteyp/ l eByftul(/ml(',Me(H' li H. 1 (XO ;! )-l'HMe-('(>('0„Kt. 

The syrup was dissolved in glacial acetic acid (2(H) c.e.), and zinc Just 
(30 grams of 90 per cent.) added with constant shaking at such a rate 
at the acetic acid almost boiled. When all had been added, the 
"hole was boiled for a few minutes, filtered with the aid of the pump, 
uo water added to the filtrate, when an oil separated, which 
V y solidified, and more was obtained by extracting the zinc 
; an< ^ solution with ether. After draining on porous 



16 40 KERMAOK, TKItKIN, AND ROBINSON : 

i • +(,» anlid was recrvstallised from a little alcohol, when ] 

colourless crystals were obtained which melted at 128“ and consisted 

of ethyl e-mdhoxy-^-mdhyUndole-2-carboxylate. 

SJ es ter is readily soluble in alcohol, sparingly so m benzene, 
inis ester to red. jr uetroleum Found: C = 67-1 

® nd _ Ton require C = 67-0 ; H = 64 per cent.). 

This este/'waf hydrolysed by boiling with methyl-alcohoiic 

+ v water was added, the solution evaporated 

£d fre^cm methyl alcohol and acidified with hydrochloric acid, 

colourless crystalline powder, which melted at 200-202 without 
colourless, c y r _ and many of its properties re- 

decomposition and in app , , 1 64° * n 16^4^ 

sembled 3 -methylindole- 2 -earboxyhc acid (m. p. 164 , P- 1634). 

Q.Melhoxy- 3 -methylindole (GJldhoxyscatole) (Formula XLIV). 

In order to prepare this substance, 6-methoxy-3-methylindole. 
2-carboxylic acid contained in a narrow test-tube was heated at 
about 210° by means of a sulphuric acid bath when it effervesce 
and a white sublimate of lustrous plates condensed on the sides of 
the tube. A further quantity was obtained by extracting the 
a her tarry residue in the tube with boiling, very dilute sod* 
carbonate solution, the filtered solution on standing deposing 
almost colourless leaflets. The crystalline sublimate melted 
directly at 125° and consisted of Q-mdhoxy-2-mdhyhnMe, since i 
mixed melting point showed that it was identical with the substanc. 
obtained by tie action of heat on b-methoxy-S-carboxyindoc 
3-acetic acid (p. 1641). Q-Mcthoxy-Z-methylinddehes fam au 
not unpleasant odour, and is very readily soluble m the asm 
organic solvents. A splinter of a cryslal dissolved m alcohol an 
mixed with p-dimethylaminobenzaldchyde and a drop of hydit 
chloric acid develops a bluish-green colour, which becomes yellow 
green on the addition of more hydrochloric acid. On warming 
solution, a rich bluish-purple colour develops, which is chang 
to deep bluish- violet by a drop of sodium nitrite. _ A pine : sham 
moistened with hydre chloric acid is coloured bluish-violet byte- 
substituted indole. 


MeO_ 

m - M dkoxyphmylhydrazine, ^>NfTNH 2 . 

This substance, which had not previously been obtained, »» 
required for the synthesis of the acid described in the next s 
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and ' vas prepared from m-anisidine by tlie following process : 
w .Anisidine (61-5 grama) is added to hydrochloric acid (500 c.c. of 
,j 1-16), cooled in a freezing mixture and the whole vigorously 
stirred, when the hydrochloride of the base separates as a thick 
paste. 

Sodium nitrite (150 c.c. containing 0-23 gram per c.c.) is gradually 
^4ed, the stirring being continued and the whole kept at 0°. 
1 well-cooled solution of stannous chloride (350 grams) in hydro- 
chloric acid (300 c.c.) is run in slowly and after about four hours 
the heavy, white precipitate is collected, well pressed, and shaken 
with sodium hydroxide solution (400 c.c. of 25 per cent.) and ether 
(250 c.c.) and the ethereal layer separated. The aqueous solution 
extracted twice more with ether, the combined ethereal extracts 
re dried over potassium carbonate, the ether is distilled ofi, and the 
>sidual oil fractionated under reduced pressure, when m -melhoxy- 
kn ylhydrazine passes over at 160 — 168°/15 mm. as a colourless 
g On standing in a freezing mixture, this solidifies to a mass of 
olourless needles, which melt again at room temperature (Found : 
f = 20-1. C,H 10 ON 2 requires N = 20-3 per cent.). 


b.Mdhoxy-2-wrboxyindtjle-Z-acelic Acid (Formula XLVI). 

As stated in the introduction (p. 1614), this acid is formed when 
the condensation product of a-ketoglutaric acid and m-methoxy- 
phenylhydrazine is treated with alcoholic hydrogen chloride. 
m-Methoxyphenylhydrazine (4 grams) is dissolved in alcohol 
(25 c.c.), a-ketoglutaric acid (4 grams) added, and then gaseous 
hydrogen chloride passed sufficiently rapidly to raise the alcohol 
nearly to the boiling point. The liquid becomes brown and then 
green, ammonium chloride separates, and after two hours the latter 
is filtered off and most of the alcohol distilled from the filtrate under 
reduced pressure. On diluting with water, a sticky ester separates, 
and this is hydrolysed by boiling with methyl-alcoholic potassium 
hydroxide, water is added, the methyl alcohol removed by distilla- 
tion under reduced pressure, and the residue acidified, when a 
sticky mass separates, which is rapidly removed by filtration. 
[On standing, the solution deposits needles which, after recrystallisa- 
tion trom dilute acetic acid, melt at 224 — 225°. This acid was not 
analysed owing to the very small yield, but it is evidently 6 -methoxy- 
■■arhxyindok-3-acetic acid, because, when heated, it decomposed 
with evolution of carbon dioxide and formation of 6-methoxy- 
3-nethylindolc (6-mcthoxyscatole), which melted at 125° and was 
identical with the substance obtained from 6-methoxy-3-methyl- 
Moled-carboxylic acid by the action of heat (p. 1640). 
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Note on Nomenclature. 

There are four theoretically possible heterocyclic types contain^ 
fused indole and diazine nuclei, and these isomerides of thecarboline^ 
naphthiminazoles, etc., are figured below. It is suggested that tlic 
name “ indolediazine ” is the most rational description possible, 
and the system of numbering is similar to that already adopted in 
the case of the carbolines (compare T., 1919, 115, 970). 

/\ , 


■o/V 


k 


/V'N 


Jr *1 

= lN V/ 

Indolediazine (1:2). 

/\ „ 


Indolediazine (1:3). 
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Indolediazine (1:4). 
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w 

I I 
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It should bo noted that the numbering is counter-clockwise 
because the indole nucleus is written 

/V 


k 


I I 
/\ N / 


In Richter's “Lexicon” the numbering is usually clockwise, but 
the result is identical because the indole nucleus is inverted. 


We desire to thank Dr. J. Kenyon and Captain J. R. H. Whiston, 
M.A., for assistance in the preparation of a-kctoglutaric acid, 
o-nitro-p-tolyl methyl ether, and certain other substances required 
in considerable amount in the course of this investigation. Our 
thanks are also due to Mr. I'. Hall, who earned out a large pro- 
portion of the necessary analyses. 

Dyson Perrins Labor. Tory, Dalton* Works, 

Oxford. Huddersfield. 

[Received, August It tth, 1021.] 
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CLXXXVI . — The Molecular Conductivity of some 
Sulphonium Compounds in Acetone. 


By Sir Pkaphuixa Chandra Ray and Kaukumar Kumar. 

Is recent years one of the authors has prepared a large number of 
new sulphonium compounds which are insoluble in water but are 
generally soluble in acetone. The acetone solutions of these com- 
pounds are fairly good conductors, indicating that the substances 
behave as salts. An investigation of the conductivity of these com- 
pounds was therefore undertaken, with results which are tabulated 
below. The molecular conductivity increases regularly with dilution 
and its magnitude is similar to that observed for potassium iodide. 
These compounds appear, therefore, to be true salts having molecular 
mights represented by their respective chemical formulae, and 
dissociating as uni-univalent electrolytes, possibly into a negative 
Wine ion and a complex positive ion containing the sulphur chain. 

The sulphonium compounds used in the present investigation 
have already been described (T., 1010, 109, 1, 133, GOO; °1919, 
115, 551, 1152). 

Merck's chemically pure acetone was used. It was further 
purified by rectification over anhydrous calcium chloride, and had 
the constant b. p. 55'8°; its specific conductivity was 3-3 x 1CH 
reciprocal ohms at 27°. The temperatures of the different experi- 
ments were between 20-8° and 28-8’, and the results are expressed 
lor the temperature 27 -S\ 

The results obtained in the conductivity experiments arc tabulated 
below , where 1 is the volume in litres containing a gram-iuoiecular 
weight of the salt. 


OtiJnriinVjf of Stilphoniio.i Compomifa in Acrionc Solution at 27-8*. 


Compound 
1| EtMfSjJIcI.Sllgl, 

>) Et,S„F.!l.2HL'T. ... 
.Jia&’sfcuigi,-. 

t| 

St EtjS, Pit, Hell ... . 
If) Et&BuI.Hal'. ... 

('I Se&HcI.Hgl, ... 


|lIc,S„Etr,H s I, 

ISS* 

Iodide 


V (VI. 

Y -128. 

Y:-.'2:A 

Remarks. 

— 

1 (is* 1 

181-9 

One hoxad and ono 

Hi-:. 

13.7-4 

144-3 

let rad sulphur atom. 

1242 


142- 1 

One hexnd sulphur 
atom. 


12,71 

139*4 


i u 3 

121-7 

130-9 


mo* 

120-7 

132-3 

* At r~G3*S. 


not 

1190 

Chain compound with 
two tetrad sulphur 
atoms. 

1 26*9 

1403 

. . 


127-0 

1 3*1*0 




119-7 

132-4 

142-8 


117-fl 

129-3 

140-3 


112-2 

127-3 

133-0 


— 

117-5 

130-5 

At 25° 
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Discussion. 

The disulphonium chain compounds with one hexad and 
tetrad sulphur atom give the best conducting solutions in ae ° ne 
They are followed by the monosulphonium hexad comno 'T' 
whilst the disulphonium compounds with two tetrad sn i y 
atoms give the smallest conductivities, comparable with the v^i ^ 
for potassium iodide in acetone solution. es 

The conductivities of similar compounds diminish witl 
exception, with increasing molecular weight, for examnl ^ 
comparing the compounds numbered (1) and (2) it will be fo 
that the replacement of two methyl groups by two ethyl er * 
lowers the conductivity from 1 68-1 to 135-4. This relation betwT 
conductivity and molecular weight is borne out by the value’ f ” 

(W) COt " d P | ) 1 U 1 t J ds (3) ’ (4) ’ an<1 (a)j and those for t ' llG ““pounds (!))' 

The compounds (11) and (12) have identical molecular weight, 
but show an appreciable difference in their conducting powpr’ 
This is probably due to the relative difference in the magnitude of 
the aliphatic radicles of the two compounds. Thus the methvl 
and propyl radicles differ by two methylene groups, whereas ethvl 
and propyl differ by only one. ^ 

Chemical Laboratory, 

University College of Science, Calcutta. 

[Received, June 28/7/, 102I.J 


CLXXXVII — The Essential Oil from. Andropogon 
iwarancusa, Jones , and the Constitution of Piperitone. 

Joirv Lionel Simonsen. 

Toe some time past * e author has been investigating the oil 

Jones"* A 7 T <bst f !,t,on of the grass -Andropogon iwarancusa, 
Jones.* As the mam constituent of the oil (approximately 80 

follo^gbotMicarnote^ ^ B ° ti>nist ’ hns kind| y fumiahral ™ ««> 'I* 

Taxonomy. 

In 1S89, Hack-el described the following forms : 

(1) Andropoqon hmaer T)p«f 

India, var. g t/randiflvnis froj n Persia^ “ ° m Anbi *' " 

(2) Andro m on .Ww*,, Blone, var. , gmuinns from India> v „. 
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per cent-) was found to be a ketone identical apparently with 
jiperitone, it appears desirable, in view of the recent publication 
j the paper by Smith and Read (this vob, p. 779) dealing with the 
properties of piperitone, to place on record the results so far 
stained, leaving to these authors the further investigation of this 
nteresting ketone. 

indropogon iwarancusa, Jones, occurs in the Himalayas and 
lU ter hill zone from Kashmir to Assam ascending to 8000 ft. and 
,bove; in the plains from North West Himalaya to Bombay 
'residency. 

The oil from A. iwarancusa., Jones, does not appear to have been 
ireviously investigated, although the constituents of the oil of the 
losely related grass, Cymbopogon se.nnaare.nsis, Chiov., have been 
rammed by Roberts (T., 1915, 107, 1465). The oil used in this 
esearch was kindly placed at the disposal of the author by Colonel 
ohnson of Abbotabad, and had been obtained in a yield of about 
percent, by steam distillation in the usual manner. Tt has been 
mnd to be of comparatively simple composition, consisting of a 
>rpene, which has not up to the present been identified and is being 
irther investigated, together with a ketone which has properties 
greeing in nearly all respects with those of dbpiperitone isolated by 
lead and Smith from Eucalyptus dives except that it was found to 
e strongly dextrorotatory ([«]« + 36-76°). The properties of 
his ketone would further appear to be identical with those of the 
stones isolated by Schimmel & Co. (Report 1910, p. 97) from 


mnmrensu from Africa, var. y prorlmu from Africa (DC. .Von. Phan 
ol. VI, pp. 598—601). 


In 1906, Dr. Stapf pointed out that the correct, original name of (2) was 
ndropofjon iwarancum, Jones (Kent Bull., 1900, p. 314)- at the same time 
e suggested breaking up the large genus A ndropoyon os understood by 
laokel, and the definition of Hackels two Indian plants as distinct species 
the “I™® of l 1 ) Cymbopogon wlurnanthm, Sprcng, and (2) Cymbopogon 
mama, Schult (foe. cih, pp. 352-354). Dr. Stapf, however, remarks 
st It is not impossible that the distinguishing diameters of C. iwarancum 
s compared with C. schamanthus, namely, the robust state, the long, flat, and 
eatively broad leaves, and the more composite panicles, are muinly clue to 
■oapmc influences,” and when speaking of the distribution of C. schananthus 
7 V 6 eastern ^ m * t i s dl-de<inod, as here the areas of C. echcenanthus and 
m K ZT' U8a overIa P’ and numerous transition forms occur ” {loc. cit., pp. 
[J., ? V 1 *** plants are now being studied at the Forest Research 

. U .. eira ® un » object of deciding what forms, if any, are 

,u * . 18 inCt and can distinguished by well-marked and constant 
KlvidflKi^ "^J^ological or chemical, and meanwhile it is believed to be 
Hindis f ° ° VV of lirihm India, VII, p. 203. and to deal with 

Jones'^ as a 8,n ^ t ‘ under the name Andropogon 
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Japanese peppermint oil and by Roberts (loc. cit.) from 0. senna, 
mentis. These authors considered the ketones isolated by them tc 
be identical with A'-p-menthen-S-onc, which had been prepared 
synthetically by Wallach (Annakn, 1908, 362 , 272) from 1 ; 3 ;4 . 
trihydroxyterpane. This view of the constitution was based (a) 
on the identity of the properties of the derivatives (scmicarbazon e! 
and oximes) and ( b ) on the products of oxidation, namely, thymol, 
diosphenol, «-hydroxy-*-methyl-8-isopropyladipic acid, y-acetyl 
a-isopropylbutyrie acid, and -Msopropylglutaric acid. The isolation 
of these products would appear to leave little doubt that these 
ketones had the constitution assigned to them unless some mole- 
cular rearrangement had taken place during the oxidation. 

Read and Smith ( loc . oil.) would appear to consider df-piperitone 
to he not identical with A 1 - p-mrntheu-3-one, although they point 
out that it must he a p-menthenone, since menthol was formed on 
reduction and thymol on oxidation with ferric chloride. Although 
they expressly leave the discussion of the constitution of dZ-pipcritcnc 
to a future communication (loc. cit., p. 783), they apparently base 
their present view that it cannot be identical with any known 
p-menthenone mainly on the fact that on treatment with benzalde- 
hyde in the presence of alkali a benzylidene derivative was formed. 
They have also recorded melting points for the semicarbazone, 
oxime, and hydroxylamino-oxime differing somewhat from those 
given to the similar derivatives of A'-p-menthen-S-one. 

The ketone obtained by the author, apart from its optical activity, 
had constants agreeing fairly well with those found for df-piperitone 
and also with those recorded by Wallach (loc. cit.) for A'-p-menthen- 
3-one. When purified through its sodium sulphite compound, tlic 
ketone was almost completely raeemised ([a]VV + 7-92’), a fact 
readily explicable if it is assumed (hat in the presence of alkali enol 
formation takes place with consequent loss of the asymmetric 
carbon atom. This view is supported by the fact that the ketone 
is also raeemised by treatment with dilute alkali and all derivatives 
prepared in the presence of alkali were found to he optically in- 
active. The identity of the racemic ketone with df-piperitono would 
appear to be definitely proved (a) by the formation of a benzylidene 
derivative, m. p. CL 3 , and a hydroxylamino-oxime, m. p. 170—171’, 
(b) by oxidation to thymol with ferric chloride, and (c) by reduction 
to menthol. On the other hand, a slight divergence from the 
results obtained by Read and Smith was observed in the melting 
points of the semicarbazone and oxime. When the ketone was 
treated with semicarbazide hydrochloride in the usual manner, a 
mixture of two semicarbazones was obtained ; the i-semicarhazone 
melted at 225 — 227°and the jl-semicarbazone at 174 — 176° (Schimmel 
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jjdCo.,foc. ct/., give 224-225° andl70-171° as the melting points 
0 f these two semicarbazones). For the oxime also a somewhat higher 
melting point has been obtained by the author, namely, 117—118° 
(Read and Smith give 110 — 111°). The author would suggest that 
^ somewhat lower melting point for the semiearbazone observed 
to Bead and Smith was due to its not having been quite free from 
the more fusible isomeride, which the author has found to be removed 
only with considerable difficulty on crystallisation from alcohol, the 
solvent used by these authors. By the use of acetic acid, ttie 
i-semicarbazone was obtained pure after two crystallisations. The 
considerably higher melting point obtained in the case of the oxime 
js somewhat more difficult to understand, but it is possible that Bead 
and Smith s 'specimen was contaminated with a trace of the stereo- 
isomeride. Some support is lent to this suggestion in that the 
author, on one occasion, on boiling the pure oxime (m. p. 117—118°) 
with an excess of hydroxylaminc hydrochloride and sodium acetate 
for some days with the object of preparing the hydroxylamino- 
oxime, obtained as the product an oxime which was obviously a 
mixture and melted indefinitely at 90° ; analysis established the 
absence of any impurity and on fractional crystallisation a small 
quantity of the pure oxime of m. p. 117—118“ was separated, but 
it was not found possible to isolate the stereoisomeride, which was 
undoubtedly present, in a pure state. On warming the mixture 
of oximes for some time with a little dilute alkali, the whole was 
reconverted into the oxime of m. p. 117 — 118°. 

When the active ketone was treated with scmicarbazidc hydro- 
chloride, in addition to the inactive a-semiearbazone of m. p. 
225—227°, an active fi-semicarbazone melting at 103—194° was 
obtained, As was to be expected in a substance possessing a system 
of conjugate linkings, the rotatory power was considerably higher 
than that of the ketone from which it was derived, the rotation at 
the same time having become negative. Attempts to prepare an 
optically active oxime were unsuccessful; the active ketone, on 
treatment with hydroxylaminc hydrochloride in the manner found 
suitable for the preparation of the inactive oxime, yielded an oil 
from which a small quantity of the inactive oxime could be isolated, 
whilst if dilute alkali was used in place of sodium acetate to neutralise 
hydrochloric acid the inactive oxime was obtained in an ex- 
’ nt yield. An optically active hydroxylamhio-oxiinc acetate was 
‘owever, prepared (see p. 1052). 

Eeference has already been made to the fact that Schimmel & Co. 
tnW|1 b ® te ( loc - ci ‘-) obtained on oxidation a variety of products 

>v ttJl &S to the constitution oi the ketones investigated 

• When the ketone from A. itcarancusa oil was oxidised 
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in ice-cold alkaline solution with potassium permanganate, the 
main product of the reaction was f-y-acetyl-a-isopropylbutyjjc 
acid. This acid, which was obtained as an oil, was identified hy 
conversion into its semicarbazone, which melted, as stated hy 
Wallach (Anmlen, 1910, 379, 188), at 150 152°. On oxidation 
of the oily acid with hypobromite solution in the usual manner, a 
quantitative yield of df-oc-wpropylglutaric acid melting at 94—95“ 
was obtained, and this acid showed all the properties assigned to it 
by Perkin (T., 1896, 69, 1495). 

In the author’s opinion, the identity of the ketone obtained from 
A . iwarancusa oil with piperitone cannot be doubted, and it must be 
regarded as d -piperitone. Further, from a consideration of the 
products formed on oxidation, there can be no doubt that this 
ketone is d-A'-p-mcnthen-S-onc. The formation of the hydroxyl. 
amin o-oxime is in agreement with this view, since, so far as the 
author is aware, only substances possessing a. double linking in the 
a-position to the carbonyl group give rise to such compounds, 
Although it might appear at first sight that the formation of i 
benzylidene derivative was a cogent argument against such i 
constitution, yet Wallach (Annalen, 1913, 397, 216) observed that 
A 4 -p-menthen-3-one gave a dibenzylidene derivative, to which he 
assigned formula I, and he suggested that the formation of this 
substance was due to activation of the carbon atom* by the 
adjacent double linking. A similar argument satisfactorily accounts 
for the formation of the benzylidene derivative of piperitone, which 
would then be represented by formula II. 


H Me 

\ / 

C 


PhCHIC* CX'HPh 
HC CO 


%/ 

0 

CHMc, 

;i) 


Me 

C 

/\ 

PhCH^ CH 
H 2 C CO 
\/ 


CH 

CHMe 2 


(U.) 


Experimental. 

The oil used for investigation, which had been obtained in a 
I per cent, yield from the grass, was pale yellow in colour and 
possessed a characteristic smell of peppermint. It had the Mow- 
ing constants : DtJ 0-9203, nj!' 1481, |>]jf + 51-68°, acid value 0-7, 
saponification value 12-0, saponification value after acetylation 
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17 ' 4 ’* < vol -j > Percentage of ketone by absorption with neutral 
;odium sulphite solution 77. 1 

A quantity of the oil was distilled under diminished pressure 
200 " he “ thc -following fractions were obtained : (I) up to 

« (2 ° i i/ 60 ' 190 ” (73 “ P er cent )> m above ig£ 
« per cent.). These fractions were systematically refractionated 
U e same pressure and yielded ultimately the following fractions 
i Ha- 130 < 14 ’b per cent.), (ii) 130—174° (1-6 per cent 1 fiih 
74-185° (70 per cent.), (iv) 185-205° (12 per cent ).t ' ’ 

fraction (i)-~This fraction consisted essentially of a hydro- 
irbon (Found. C-8o-8; H = lo-5 per cent.) and had the 
illowing constants : DJ: 0-8561, *» 1-4736, [«];'+ 59-S It 
is purified by repeated distillation over sodium and finally over 
,dium m a current of hydrogen. The hydrocarbon then distilled 
,1017100 mm. and at 163-lG4°/698 nun., and had D'» 0-8565 
T 1474, [< + 54-82° (Found : C = 88-4 H == 11-4 ' n „ 
quires C = 88-2; 11 = 11-8 per cent.). T.ie hydroeXn 

issessed a pleasant smell reminiscent of cymenc; when it was 
ssolved in acetic anhydride solution and treated with a drop of 
instated sulphuric acid, a transient purple coloration appeared 
“ [ a ? ld y a deep brown. In chloroform solution it 

acted readily with bromine, but after the addition of 1 molecule 
bromine the absorption became very slow and hydrogen bromide 
r C ™ ^ d : Roving the chloroform in a vacuum, a viscid 

«as obtained, which showed no signs of crystallising. Attempts 
prepare a crystalline nitrosochioride, nitrosate, and nitrositc 
ire also unsuccessful, only oils being obtained. When the hydro- 
rbon was treated with hydrogen chloride in ethereal solution an 

I resulted, whreh was probably a mcmohydrochloride (Foukd : 

' 10 1,C1 re ' 1U ‘ r< ‘ S C1 = 20 ' e P" cent.) ; with hydrogen 

1,0 d<?,rc,fd » chemical 
"pound) was treat d “the . PU, ' C 0,0 " C (fr ° m th " sodium ""Iphito 
oon&a ion vate nd of he T™ ^ "' H de ‘c«“™»tion of tho 

= following^ “re i ^ value after acetylation, when 

lue after acetylation 3 (j- -n "*P°niflcatioii value lo-3, saponification 
on investigated but^t Is cl l # "“ 11 0,1 ,ho ta °ne <>*» not 

*l S ,U.eT„ s nont ‘ 10 JOl ’ S «*•>« «*e« or 

the ketone. ' 1 ° n v “ lu ‘' b ™g d,le <° "<» action of the alkali 

* of the O’ 1 U«0 sram.) was.shaken 

"o'r 78 par cent of the l TT" 0 " complete, when approxi- 

II distilled under diminished 1 h ° r, '"' amln 8 oil "as separated 

13«= wt“„ e ; ri ' o'? T’ ""™ U of an oil 

““«i, and this still ' granls of 11,1 0,1 hmlmg above 190° 

;r Ko "''-fo: d Tr f th0 kelone - T >- of 

'Ph'tn solution was very slow. “ ubsor i‘ ,lu ‘ 1 by tho sodium 
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bromide in acetic acid solution, a viscous oil was obtained, which 
was evidently a dihydrobromide (Found : Br = 53-8. C 10 H 18 b ri 
requires Br = 53-8 per cent.); the hydrogen iodide derivative , vss ! 
very unstable, and decomposed even when kept at 0°. 

The terpene was readily attacked when treated with potassiuu 
permanganate at 0° in the presence of alkali. A small quantity 0 f 
a neutral oxidation product was isolated as a viscous oil which 
showed no tendency to crystallise. No crystalline acids could be 
obtained. Further experiments are in progress with a view to 
determine the constitution of this terpene. 

Fraction (ii). — This fraction, which was too small in quantity fa 
detailed examination, consisted apparently mainly of a mixture o 
d-piperitone and the hydrocarbon. 

Fraction (iii). — This fraction, which formed the main bulk of tl f 
oil, distilled very constantly at 178 — 181°/200 mm. and wai 
evidently homogeneous (Found : C = 78-2 ; H = 10-2. C 10 R lt C 
requires C = 78-0; H — 10-3 per cent.). The following constant* 
were observed ; DJS' 0-9321, «“ 1-481, [a],®’ + 36-76°, Jt was 
almost completely absorbed by a neutral sodium sulphite solution, 
only about 2 per cent, remaining undissolved. A quantity of the 
ketone was therefore purified by solution in sodium sulphite solution 
and reprecipitation by alkali, when it was found to boil at 180— 
1817200 mm. and at 230— 2317097 mm. (Found : C = 791; 
H = 10-4 per cent.), and to have IX® 0-9307, 1-481, [«Jjf -f 7-#* 

Attention has already been directed to the racemisation of d-piperi- 
tone by alkali. d-Piperitone is a colourless, mobile oil with t 
pronounced odour of peppermint ; on standing, it gradually becoms 
brownish-yellow in colour. 

Fraction (iv). — This fraction still contained a considerable 
quantity of d-piperitone. When this was removed by treatment 
with seruicarbazide hydrochloride, the oil remaining was found to 
be too small in quantity for examination. 


d-Piperiloimemicarbazone. 

For the preparation of the semicarbazone the ketone was mixed 
with a slight excess of an aqueous solution of semicarbazide hydro- 
chloride, and after the addition of sodium acetate alcohol was added 
until it clear solution w as just obtained. After standing over-night, 
a copious precipitate of the nearly pure dZ-z-semicarbazore had 
crystallised. This was collected (yield 75 per cent.), and after 
being crystallised twice from acetic acid, in which it was not very 
readily soluble, was obtained in small, glistening plates which 
melted at 225—227° (Found : N -- 20-4. C n H 19 ON 3 requires 
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K = 20,1 P 131 cent -)' The melting point was found to be somewhat 
^pendent upon the rate of heating, since when introduced into a 
hath previously heated at 215° the compound decomposed at 230°. 
The a-semicarbazone was found to be very sparingly soluble in all 
he ordinary organic solvents and to be optically inactive. 

The alcoholic solution from which the tt-semicarbazone had 
eparated was diluted with water, when a further quantity of 
emicarbazone was precipitated. This was purified by repeated 
iystallisation from alcohol, from which it was ultimately obtained 
a glistening needles which melted at 193—194°, sintering slightly 
t 188° (Found : N = 20-3. C 1;i Hj 9 ON 3 requires N = 20’1 per 
ent.). 

i-Piperitone-fi-semicarbazone appeared to be somewhat more 
oluble in alcohol than the racemic p-semicarbazone. When 
iposed to the air in bright sunlight, it rapidly became yellow, but 
to kept in the dark the colour developed much more slowly, 
(ten dissolved in alcohol, the yellow semicarbazone yielded a 
olourlcss solution. The d-p -semicarbazone was highly active ; in 
lyridine solution — 216-8° was observed. 


(H-Piperiton ettemicarbazon es. 

The setnicarbazones of the racemic ketone were prepared in the 
aanner described above. The df-a-semicarbazone, after crystallisa- 
ion from acetic acid, melted at 225—227° (Found : N = 20-2 per 
ent,). The df-P-semicarbazone separated from alcohol in stellate 
aasses of needles melting at 174—176° and was optically inactive 
Found : N = 20-0 per cent.). 


i-Pipmtoneoxime and d-Pipentonehydroxylamino- 
oxime Acetate. 

For the preparation of the oxime the method advocated by 
L-apworth and Steele (T., 1911, 99, 1884) was adopted. The 
Ktive ketone (o grams) was dissolved in alcohol (20 c.c.) and after 
ae addition of hydroxylamine hydrochloride (2-3 grams) and sodium 
Ketate (4 grams) the mixture was heated on the water-bath for 
hours. On distillation in steam, almost the whole of the 
PMuct passed over, only a small quantity of resinous material 
oaining in the distillation flask. The steam distillate consisted 
a oil which, on long standing at 0°, partly solidified. The 
" se Pf ated with the aid of the pump, drained on porous 
JL ™’. and . reer y stalli sed from dilute methyl alcohol, when it 
vol ” m lustrous P risms meltin g at 117—118° (Found: 
IX ' 3 L 
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N — 8'7. C 10 H 17 ON requires N = 84 per cent.). The oxime was 
optically inactive. The oil from which the solid oxime had been 
separated was taken up with ether, the ether dried and evaporated, 
and the residual oil distilled under diminished pressure (100 mm.), 
when it distilled almost completely at about 190—195°, yielding a 
viscid oil which deposited a further trace of the solid oxime on 
standing. The oil was not further investigated, hut consisted 
possibly of the active oxime. When the calculated quantity 0 f 
sodium hydroxide was used in place of sodium acetate in the prepara, 
tion of the oxime, similar results were obtained, the yield of solid 
oxime being slightly higher. If excess of sodium hydroxide was 
used, only the solid oxime was obtained, the oily oxime being 
completely absent. 

When d-piperitone was treated with a considerable excess of 
hydroxylamine hydrochloride under conditions similar to those 
described above, a substance was obtained yhich was not readily 
volatile in steam. This was purified by crystallisation from a 
mixture of methyl alcohol and benzene, when it was obtained in 
long, thin prisms which decomposed at 156—157° (Found : C = 55'3; 
H = 9 2 ; N = 11-2. C 12 H 24 0 4 N 2 requires C = 554 ; H = 9-2; 
N = 10-8 per cent.). This substance was evidently the autoti 
of d-piperitonehydroxylamino-oxime. It was distinctly active and 
gave in methyl -alcoholic solution [oc]n 2042 . Attempts to 
isolate the d-piperitonehydroxylamino-oxime in a crystalline form 
were unsuccessful. 


dl-Piperitoneonme and dlDibromopiperitoneoxime. 

When (K-piperitone was treated with hydroxylamine hydro, 
chloride in the manner described above, the product in the steam 
distillate crystallised completely, no trace of an oil being observed 
it was. purified by crystallisation from dilute methyl alcohol, when 
it was obtained in lustrous prisms melting at 117 — 118° (Found 
N = 8-7 per cent.). 

When the oxime was dissolved in chloroform and treated with the 
calculated quantity of bromine, di-dibromopiperitoneoxime Mi 
readily obtained. It crystallised from alcohol in prisms, or from * 
dilute solution in cubes, which decomposed at 141° (Found: 
Br - 48’6. C 10 H 17 ONBr 2 requires Br = 48-9 per cent.). 


dd-Vipmtonehydroxylamino-oxime. 

On treatment with excess of hydroxylamine hydrochloride in the 
manner described by Read and Smith ( loc . cit., p. 783) df-piperitone- 
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hydioxylamino-oxime was obtained. After crystallisation from a 
mixture of alcohol and ether, it melted at 170—171° and gave all 
the colour reactions mentioned by these authors (Found : C - 50' 6 • 
H = 10*1- Ctalc-) C = 1)9*9; H = 10-1 percent.). 

Benzyliden e-dl- piperitone. 

This substance was prepared in the manner described by Read 
and Smith ( loc . cit., p. 785). It melted at 01° and had all the 
properties recorded by these authors (Found ; C — 84-4; H = S-4 
Calc., 0 = 84-9 , H = 8-4 per cent.). Although prepared from the 
optically active ketone, it was found to be inactive. 


Oxidation of d -Piperitone. 

I. With Ferric Chloride .- When d-piperitone was heated on the 
water-bath with excess of ferric chloride in acetic acid solution, 
thymol was obtained in a yield of about 25 per cent. The thymol 
obtained melted at 50—51° and was identified by the method of 
mixed melting point and by the usual tests. 

II. With Potassium Permanganate .— In one experiment d-piperi 
torn; (50 grams) was mixed with dilute sodium hydroxide solution 
and treated with a 5 per cent, solution of potassium permanganate 
at 0“ until no further action took place. The solution was filtered, 
aonoentrated, and acidified, when a viscous oil separated This 
ivas taken up with ether, the ether dried and evaporated, and the 
•esidual oil esterified in the usual manner. The ethyl ester thus 
Ataincd distilled mainly at 170-180753 mm. and consisted 
apparently of nearly pure ethyl l-y-acetyl-x-ftopropylbutyrate 
mee on analysis it gave figures agreeing approximately with this 
lormula (Found : 0 = 04-6; II = 9-4. Calc., C = 67-3 ; H = 9-5 
percent.). The ester was found to be slightly active, [*]*’ — 3 . 58 ° 
The above view of the constitution was confirmed by the preparation 
a tie mmearbazone, which separated from dilute alcohol in woolly 
ecdles melting at 1 15° (Found : X = 16-1 . C lsWs requires 

‘ 6 3 ‘f f rh ° crude estor was hydrolysed with alcoholic 

taun 1 hydroxrde solution and the resulting acid distilled under 

lS P T SUre (48 mm ) ’ " hon thc *» ai " Potion distilled at 
butvTk. 00 , “ d , C ™ sls J ted o{ apparently pure -acetyl- Wsopropyl- 
ju'Lag, Ud (Found: m thp ^Ivcr salt, Ag = 38-S. Calc., 
manner senarltT " f ni,cilrhaz0 "e, prepared in the usual 
by fwated Mr " °‘ ‘ ral,idl >' solidirie<] - 11 «as purified 

ihol When C 7 hS f 1011 fr0m h0t ' VatCT ^ntaming a little 

’ hen 14 was obtamed in balls of needles melting at 1.50— 

3 l 2 
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152°, the melting point depending somewhat on the rate of heatin 
(Found : N = 18-5. Calc., N = 18-3 per cent.). When the eonf 
pound was treated with sodium hypobromite solution at 0 ° 
quantitative yield of a-t'sopropylglutaric acid was obtained. jj,j 
acid, after crystallisation from hydrochloric acid, melted at 94 — 9,-0 
(Found: C=55-4; H = 7-S. Calc., C = 55-2; H = 8-0 p^ r 
cent.). The acid was found to be optically inactive. The identitv 
of the acid was confirmed by the preparation of the anhydride 
which crystallised in needles resembling glass-wool, melted at 
53 — 54°, and gave an anil melting at 158° (compare Perkin, loc. cit ) 

In conclusion, the author wishes to thank his assistants if, 
Gopal Rau and Mr. Ghose, for making the analyses. 

The Forest Research Institute, 

Dehra Dun. [Received, August 23rd, 1921 J 


CLXXXVIII. — The Calculation of the Colour of 
“ Cyclic ” Coloured Substances. 

By James Mom. 

For the purpose of this paper, a "cyclic” coloured substance is 
to be considered as one which possesses a sharp absorption band 
caused in some manner by an “ active ” ring existing in the sub- 
stance. A ring is “ active ” if it bears, in any position, an ionisable 
group of the auxochrome type, namely, OH, NH 2 , NHMe, etc. 

The position of the absorption band may vary between 1 100 
and X 1600 micromillimetrcs. Some “ cyclic ” coloured substances, 
therefore, may appear to be colourless to the eye, which only de- 
tects colours the hands of which lie above X 350 and below X 770. 

If only one of the rings present in a compound is “ active," it 
is classed as a “ monocyclic ” coloured substance. In a certain 
sense, phenol in the presence of alkali and aniline in the presence 
of acid comply with this definition, but as a rule the absorption 
band is not fully developed {visible in very great dilution) unless 
another atom of some kind is attached to the active ring, as, for 
example, in saligenin and benzoquinone. 

Coloured substances with more than one “ active ” ring are all 
classed as “dicyclic.”* The simplest type of the linking of two 
active rings occurs in benzhydrols and indamines. In the more 

* See page 1663. 
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compfe* types, there are two linking atoms uniting the active 
rings, as in the oxazines, fluoresceins, acridines, etc. 

g ome examples will serve to make these definitions clear Thus 
hydroxybenzhydrol, C 6 H 5 -CH(OH).C f ,H 4 -OH, is monocyclic because 
the simple phenyl ring is not active, whereas dihydroxybenz- 
tydrol, HOCjHj-CHfOHpCjH^OH, and dihydroxyxanthhydrol, 

h YY°Y> h 

\/\ c A/ 

H OH 


are “ dicyclic, the active rings of the former being singly linked, 
by — CH(OH)— , and of the latter doubly linked, by — CH(OH)— 
and — 0 — . 

The author has discovered that the position of the absorption 
band can be calculated from the constitutional formula of the 
substance in all these cases. The calculation consists merely in 
multiplying a fundamental wave-length (which is that of the 
absorption band of the parent-substance) by a number of factors,, 
each of which is constant and characteristic of the group or radicle 
to which it belongs. This may be expressed by the equation : 

ri: = .... 

in which \ is the wave-length of the absorption band of the parent- 
substance, X, that of the substance to be calculated, b, the colour- 
factor (say) for phenyl if the substance is a phenyl derivative of 
the parent-substance, k 2 the colour-factor for another group or 
atom (for example, bromine or carboxyl) present in the substance 
and 80 on. 

For the monocyclic series, the parent-substance may be taken 
to be p-hydroxybenzyl alcohol, of which the anhydride is quino- 
methane (inethylene-p-benzoquinone). This is assumed to have 

j T haTe “ 0t observed but the phenoxide ion has 
and the p-tolyloxide ion X 287 * in aqueous solution. 

Ihe colour of hydroxydiphenylphthalide, as an example of a 
monocyclic coloured substance, may be calculated. When the 
tamla is written in its hydroxylated form to avoid quinonoid 


HO<" V qOH)- 
/\ 


CO..H 


\/ 


» B ‘«d291 d in E ^ b T k . <T ™ 19 ° 5, 87, di8 S ram8 PP- 1350 ami 1352) find 
m alcohol. The difference is due to the sodium not bring ionised. 
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the substance is seen to be p-hydroxybenzyl alcohol, in which two 
phenyl groups are substituted for the methylene hydrogen atom 8 
and a carboxyl group is substituted for a hydrogen atom in aa 
ortto-position in one of these phenyl groups. The calculation is : 

X x = 290 x 1-133 X 1 135 X 1-055 = 394-2 

X Phenyl colour-factor, o-Carboxyl 

twice. colour factor^ 

This agrees exactly with the observed value ; the latter is accurate 
only to one unit, so that the fraction in the calculated value may 
he neglected. 

In order to visualise properly such a factorial scheme of colour, 
it is necessary to put forward a new provisional theory of colour ■ 
which shall servo as a physical basis for the factorial property. 

What I suggest is that a charged particle (electron or other 
negatively charged group, such as OH'), exists in all these sub- 
stances and constantly describes an orbit round the active part 
of the molecule. Since none of the molecules is perfectly circular 
and symmetrical, the periodic time of the particle in the orbit nil 
be subject to perturbations ; that is to say, it will have a constant 
average value, yet individual circuits of the orbit will take place 
in slightly different times. This produces an absorption band, 
which is not sharp like that of the vapour of a metal, hut is diffuse 
on both sides of the average, sometimes unsymmetrically. 

It is probable that in the monocyclic class the orbit is almost 
circular, with a kink at the two places where the electron could 
stop if the substance were not ionised. The following is an attempt 
to give a visual impression of my meaning. 

HO^ ^CHj-OH + OH’ = HjO + 




This conception explains well how any addition to the parent- 
substance must expand the orbit, since the added groups must 
lie outside the orbit and therefore attract the electron further 
from the centre,* and so increase the periodic time and thus the 
wave-length of the absorption. 

In astronomy, tho periodic time varies as ri/m-, where r is the radius 
cf tho orbit and m the attracting mass. 
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Ordinary Scientific Meeting, Thursday, October 0th, 1921, at 
8p.ni„ Dr. M. 0. Forstkk, F.R.S., Treasurer, in the Chair. 

•Reference was made to the. loss sustained by the Society, through 
death, of the following Fellows : 



Elected. 

Died. 

Francis William Buekinnd Cunningion .. . 

. Pel), loth, 1017 

July, 1020 

Trihlnivandaa Kalya uda.s CJujjnr 

Henry Trcsawna 0 errant? 

Ethvtvrd (Juinersall 

Harold Edward Pollock Hodsoll 

Ernest James Hov 

. Dee. 3th, 1901 
Peh. 21st, 1893 
Dee. 4th, 1902 
. May 13th, 1913 
. Dee. 2nd, 1913 

June 20th 
May ] Slli 
Sept. 2nd 
July Jth 




Henry Stephen Martin 



John William Keg inn Id Youll 

. Dee. 5th, 191s 

July Utli 


Certificates were read for the first time in favour of : 


Harry Anderson, B.A.. !), Mill Street, Ockham. 

Francis Bartlett Arnold, 2:!, Stratford Rond. Thornton Heath. 

Hugh Chester Hell, M.A., Cluy's Hospital Medical Seliool. S.K. I. 

Frederick John Berry, 31, Reynolds Street, Neutral Hay. Sydney. N.S.W. 
Jagailish Chandra Hhowmik, M.Se., 72, Harrison Road', Caleutta. 

Joseph Roy Booer, li.Se., 7. Oatn-iel Street, Honor Oak Park, S.K. 23. 
rmkriek Rcorge Braithwuite. Messrs. Lever Rios. (S.A.), Ltd., Durban, 
n miu. .Arthur Pereivat Cliallenor, 3l.Se., (ilemrood, Alkingtou Road, 


Phitibert Camille Chamneton, li.Se.. A. I t'., Messrs. 
Street, E.C. 2. 


I luroglaxs, Ltd.. 02. Furt? 


George Henry Croft, M.Se.. 13, Lowlher Street. York 
fa!nu^nfe‘" Vki,,S ' B S> - bl"'y.iei'!yn. Wen, Road. Skevren. Neath, 
t*! - 1 “?*"■ Ti St > A.I.C.. 133, Copers Cope Road. Reekenham. 

1-aune, Roast™, Mcrrilocks Road. Blunddtsands, I.rverpool 
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Robert Allen FUzsimons, B.Se., 43. King Henry’s Road, Hampstead, X \\ < 
Percy James Fullerton, 107, Macoma Road, Plumstead, S.E. 18. 

William Buchanan Cray, Box 1563, Johannesburg. 

Solomon Greenberg, A.I.C., 41, Frithville Gardens, W. 12. 

Leslie Hall, B.Se., 87, College Road, Islcworth. 

Percy Charles Haywood, M.Sc\, 3, Gladstone Road, Wimbledon, S.W pi 
Harold Robert Hellyer, 140, Elizabeth Street, Sydney. 

Gwendolen Hindcs, B.Se., Wesley Manse, Barlow Street, Oldham. 

Cyril Norman Hinshelwood, B.A., Balliol College, Oxford. 

Georgo Ingham, B.A., A.I.C., Messrs. Kynochs, Ltd., Umbogintwini, X-itd 
Kenneth James Isaac, 42, Nicoll Road, Harlesden, NAV. 10; 

Geraldine Zarika Leo Lc Bas, B.Se., Imperial Club, Dover Street, W. [ 
Alexander Bernard Manning, M.Se., 102, Fordhook Avenue, Ealing Coinirm 

John Henry Middlediteh, 1 .>, Fonthill Road, Hove, Brighton. 

Janie's Gibb Mitchell, B.Se., Laurel hank, Cupar. 

Georgo Norman Nicklin, M.A., 0, Willis Road, Cambridge. 

John Griffith Peake, Erskinc, Prospect Rond, Summer Hill, Sydney. 

John Robert Pickering, 113, Mayola Rond, Lower Clapton, N.E. 3/ 
Norman RatclifFc, F.I.C., Messrs. The Glaxo Manufacturing Co., Haiiii]( w 

Thomas Harold Rcade, B.A., M.Se., A.T.C., 118, Tcttenhall Hoad, AVolvcr- 
hampton. 

William Reverson, Philomel, Pelham Road, Bexley Heath. 

Hugh Modwyn Roberts, B.Se., A.I.C.. Heady, Crescent Road, Rhyl. 
Kasinath Saikia, B.A., El vest one, Shillong, Assam. 

Horaeo Leonard Saunders, B.Se., A.I.C., 177, Chepstow Road, Xe W „ort 
Mon. 1 ’ 

Schaehno Peisach Soholz, D.Sc.Tech., B.Se., F.I.C., 112, Wellington R0.1l 
South, Hounslow. 

William George Shilling. The Mill, Preston Village. Favershum. 

Walter William Simian, B.Se., 222, Reddings Lane, llall Green, Birmingham. 
George Paterson Storer, A.I.C., 48. Llauthewv Road. Newport, M011. 

Enoch Swan, B.Se., 121), Liverpool Road, Birkdalo, South port.* 

A Valter Thomas, 24, Rich boro ugh Road, Cricklewood, N.W. 2. 

Stanley Horwood Tucker, Lincoln College, Oxford. 

Edith Hilda Usherwood, B.Se., 10, Holly Park Gardens, Finchley, N. :i. 
William Manscrgh Varley, M.A., D.Sc., Pli.D., 7,* Preston Park Avenue, 
Brighton, 

Fauna Lai Verma, B.Se.. University College, Dundee. 

Bertram Thomas Watson. 3i>, Cooperenle Kouil, Humerton, E. <1. 

Jumos Henry Wilkinson, IS, Stockton Komi, Snnderlaml. 

Bernard Howell Uilsdon, ji A„ B..Se., Lyallpur, Punjab, 

Pereival Harry Woodnotli, 88, Kodenliurat Hoad, Clapliam Park, S.W. 1. 

The following papers were read : 

A new adjustable thermostat for all temperatures between 0 
and 100V By S. J. Lewis and F. JI. Wood. 

The separation of miscible liquids by distillation. Laboratory 
still-heads.” By A. F. Duraox. 

The separation of miscible liquids by distillation. A continuous 
laboratory still.” By A. F. 1) W , ton. 
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■ The action of diazo-salts on aromatic sulphonamides. Part I.” 

By P. K. Dutt, H. R. Whitehead, and A. Wormall. 

■‘Xeulral salt action on the hydrolysis of ethyl formate.” By 
A. B. Manning. 

•■'Synthetic optical activity.” By A. Shimomura and J. B. Cohen. 
“The mechanism of the action of fused alkalis. Part It. Action 
of fused potassium hydroxide on phenylglvceric acid.” By 
{the late) H. R. Li; Sueur and C. C. Wood. 


Ordinary Scientific Meeting, Thursday, October 20th, 1921, at 
S p.m., Sift James Walker, D.Sc., LL.D., F.U.S., President’ in 
the Chair. 

The President referred to the loss sustained by the Society, 
through death, of : 


IClict'tl. Died. 

tdiranJ John Reran Mar. 1st, 188} Oat 17th 

lir Edward Chaning Wills .May 7(1,. ISM Oct. 14tli 


The President announced : 

(1) That the Council had appointed Dr. J. Irvine Masson to fill 
he vacancy in the odicc of Secretary caused hv the deatli of Dr 
1. R. Le Sueur. 


(2)_ That up to the present the sum of £10G 18s. M. had been 
eceived for the Russian Fund, and various gifts of clothing. The 
bt consignment of clothing and a small sum will shortly he sent 
o the Secretary of the Helsingfors University Committee for 
istribution amongst Russian scientific men. 

Certificates wore read for the first time in favour of : 


S rma ’’ Buikh » nU - B-Se.. Hul.no Hall. Victoria Park, Maud, aster 
larokl Ebon Carr, Lynton, St. Augustine's Avanua, S fionlon 
ohn Stanley Carter, Holly Farm, Famloy. Foods. 

Iani '“' l ‘ Hepburn Cocks, The Hol.no, Ad, 'toad. Epsom 
rank Dickons. B.A., 37, Calc Street, Chelsea, S W '! 

.*m Fakhoury, The University, Edgbaston. Hirtnioghutn. 

;'lbrrt Greenwood, IS.Se., Thorn Hank. Edenliold. Hanoi, ester. 

2 I crbert dr'diths. 23, Drunimontl Road. Hoy lake. Birkenhead. 

Hailstone, The Cas Works. Rochdale. 

•TO>t Sydney Hedges, B.iio., Rlonheitn, Alltert Avanua. Sadder Park 
Piesttvieh, Manrlicater. ' ’ 

Aloe Hodsdon. Springfield*. Bexlev. Kent 

L °"' ' ' ' Voull! " otk ' Hoad. Radford Park. W. 4. 

•>»< Aiool, 12, Verdis Road, Tooling, S.W. ]7 

^la ,r s RUCl1 ’ 1T - T,IOn "“ *"oot. West Harl lopool. 

„ lr f 1 ™l ,son - t'baapsnla. Spennymoor. Co. Durham. 

C V u r rSi,y HHaat, W.C. 1. 

witk' if 1 ’,' 1 ''’ X ! C " n° n,m <V ' n, ' ? ''- 

° u ’ ’ ijuxonilmrg Garden*. HaminorsmiJJi, W. 0. 
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The following papers were read : 

“ Nitro- and amino-derivatives of 4-phenylglyoxaline.” By R r 
Grant and F. L. Pyman. 

“ Chenopodium oil.” By T. A. Henry and H. Paget. 

“ Some further experiments in a new method for the determination 
of molecular weights.” By P. Blackman. 

" 'Pile reversibility of the Michael reaction.’ By C. K. Ingot.d 
and W. J. Powell. 

RESEARCH FUND. 

A meeting of the Research Fund Committee will be held in 
December next. Applications for Grants, to be made on forms 
obtainable from the Assistant Secretary, The Chemical Sociotv. 
Burlington House, W. I., must be received on or before Thursday 
December 1st, 1921. 

All persons who received Grants in December, 1920, or in 
December of any previous year, whose accounts have not been 
closed by the Council, are reminded that reports must be returned 
by December 1st. 


ADDITIONS TO THE LIBRARY. 

I. Presented by Sir ./. •/. ilohbic. 

(a) Ten pamphlets and reprints of papers by Professor John 
Ferguson, including the following not already contained in the. 
Library'. 

Ferguson, Joiix. Bibliographical notes on the English transla- 
tion of Polydore Vergil’s work " De inventoribus rerum.” (From 
The Arckteoloyiu , 1888, 51.) 

Bibliographical notes on histories of inventions and books of 

secrets. Parts IV— VI. (From the Trans. Arclmeol. ttoc. Ghmie. 
1888—1890.) 

Bibliographical note on the " De triumpho st.ultitiao ” oi 
Perisaulus Faustinus. ( A-orn The Library, 1890.) 

Bibliographia Paracelsica. Contribut ions towards a know ledge 
of Paracelsus and his writings. Part III. Glasgow 1890. pp. CO, 

(b) lifty-three pamphlets and reprints of papers by Sir William 
Ramsay, including the following not already contained in the. 
Library. 

Ramsay, Sir William. Investigations on the toluic, and nitro- 
toluie acids. Inaugural dissertation for the attaiupent of 'the 
degree of Doctor of Natural Sciences. Tubingen 1872. pp. 27. 
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Ramsay, Sir William. On smell, [London 1882.] pp. 14. 

Universities abroad. (From the Times, June 8 — 9, 1892.) 

_ — University extension lectures. Syllabus of a course of 
tirenty-five lectures on the history of chemical discovery. London 
1893. PP- _ 

. — Education in science in Britain and in Germany. Address 
delivered ... at the opening ceremony of the session 1896—97, 
September 30th, 1896, University College of North Wales, Bangor. 
Bangor 1890. pp. 19. 

— The inert constituents of the atmosphere. (From the 
popular Sd. Monthly, 1901.) 

Einigo Betrachtungen iiber das periodischc Closet?, dor 
Elrniontc. (From the Yerh. (lex. dent. Xaturforsch. Ante, 1903.) 


II. Miscellaneous Donations. 

Auden, Harold Ali.dex. Sulphur and sulphur derivatives. 
London [1921], pp. xviii + 101. ill. 3s.net, (Heed. 9/9/21.) 

From the Publishers: Sir Isaac Pitman & Sons. 
Barnett, Edward de Barry, and Thorne, Percy - Cyril 
Lesley, Organic analysis : qualitative and quantitative. London 
1921. pp. xii +- 168. ill. 7s. 6 d. net. [Deed. 4/10/21.) 

From the Publishers : The University of London Press. 
Bhauwat, Vinayak Keshav. Calculations in organic chemistry. 
Bombay 1921. pp. xii + 13,8. [Heed. 13 8 21.) 

From the Author. 

British Optical Instrument Mamtaotcrkrs’ Association. 
Dictionary of British scientific instruments. London 1921. pp. 
xii + 334. ill.. (Reference.) 2U.net. From the Association. 

Bureau of Bio-Technology. Bulletin. No. 1 cdc., Leeds 
1920+. ill. (Reference.) From the Bureau. 

Croxshaw, Harry Brenan. Silver ores. (Imperial Institute 
Monograph on Mineral Resources.) London 1921, pp. 132. 

From the Director. 

Curiosities in Chymistry : being new experiments and 
observations concerning the principles of natural bodies. Written 
“V a Person of Honour, and published by his operator, H. G. 
London 1691. pp. [vi] + 113. (Reference.) From Dr. A. Scott! 
Ecm.. Department of Public Health. Reports and notes of 
ie Public Health Laboratories, Cairo. No. 4. Nutritive values 
“id characters of rations issued to officials ... of the Egyptian 
wermnent, Cairo 1921. pp. vi + 57. /'.7’.20. (Reed. 19 7/21.) 

From the Department. 
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Farmer, Robert Crosbie. Industrial and power alcohol - ^ 
sources, production, and denaturing of alcohol — its - manifold 
chemical and physical applications in industries and manufactur-., 
and its use as a fuel for internal combustion engines — technic-] 
commercial, and excise aspects of the problem. London ]()•>> ' 
pp. x -f 110. ill. 2s. 6 d. net. (Heed. 19/8/21.) 

From the Publishers : Sir Isaac Pitman & Sons 
Fierz-David, Hans Eduard. Reise dureh einige Industrie 
gobietc der Vereinigten Staaten von Nord-Amcrika, September- 
November 1920. Zurich 1921. pp. 79. ill. (Reed. 7/10/2],) 

Prom the Author. 

Geneeskcndig Laboratorium te Weltevreden. MedcdechL 
gen. 3rd Series A. 1917—18 etc., Weltevreden 1918 +. {Refer e.nee) 
ill. From the Director 

Gowland, William. Tlie metallurgy of the non-ferrous metah 
3rd edition. London 1921. pp. xxxii -f 032. ill, 30s. net 
(Reed. 30/9/21.) From the Author 

Imperial Institute. Indian Trade Enquiry. Reports on j We 
and silk. London 1921. pp. x + 90. ds.net. (Red. 4/10 21* ) 

From the Director. 

Reports on timbers and paper materials. London 15121 

pp. x + 57. 4s.net. (liecd. Id 8/21.) From the Director 

Kay, Sydney Alexander. A text-book of qualitative analysisoi 
inorganic substances. London 1921. pp.viiifSO. ill. 7s. lid. net 
{Reed. 4/10/21.) From the Publishers : Messrs. Gurney & Jackson. 

Lamradius, Wii.hf.lm August. Handbuch der ' ehemischra 
Analyse der Mineralkorper. Frey berg 1801. pp. viii 364. ill 
(Reference.) From Professor P. Phillips Bedson! 

Beytriige zur Erweiterung der Chemic und deren Anwendung 

auf Hiittenwcsen, Fabriken und Aekerbau. Vol. I. Freyburg 1804 
pp. viii + 342. ill. (Reference.) From Professor P. Phillips Bedson. 

Moureu, Charles. Fundamental principles of organic 
chemistry. Translated from the 0th French edition by Walter 
T. K. Brauxholtz. London 1921. pp. xviii -f 400. 12*. 6if.net. 
(Reed. 15/8/21.) From the Publishers : Messrs. G. Bell & Sons. 

Odling, Willlam. Chemistry. London [1883], pp. vi 4- 126. 
(Reed. 7/9 21.) From Mrs. Mary B. (Idling. 

Parkinson, James. The chemical pocket-book, or memoranda 
cliemica ; arranged in a compendium of chemistry', according to the 
latest discov cries, with Bergman s table of single elective attractions, 
as improved by Dr. G. Pearson. Calculated, as well for the 
occasional reference of the professional student, as to supply others 
with a general knowledge of chemistry. London 1800. pp. 
xii + 1—169, *152- -*169, 170, 169—210. (Reference.) 

From Professor P. Phillips Bedson. 
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Patterson, Austin M. A French- English dictionary for 
cliefflists- . New York 1021. pp. xviii -{-1184. (Reference.) 18*. 
lid. ^ Frora thc Publishers : Messrs. Chapman & Hall. 

Paventa, 15. F. Italian technical words and phrases: an 
Englisl' - It al i an and Italian-English dictionary of technical and 
business terms and phrases. London 1921. pp. 308. ( Reference .} 
fe. net. Flom the Publishers : Messrs. E. Marlborough & Co. 

PieffeR, W. Osraotischo Untcrsuchungcn : Studien zur Zcll- 
mcchanik. 2nd edition. Leipzig 1021. pp. xiv -f 236. ill. (Real. 
26 9 -1.) From the Publisher : Wilhelm Engelmann. 

Revue Chimique. Oasopis za cistu kemiju i za sve grane prixuen- 
jene kemjjc. Vol. I, etc. Zagreb 1021 -|-. (Reference.) 

Richardson, Wirliam. The chemical principles of the metallic 
arts. Birmingham 1790. pp. civ + 206. (Reference.) 

From Professor P. Phillips Bedson. 

Roar, Herbert Eldon. Biological chemistry. London [19211. 
pp.xvi+216. ill. 10s.6cf.net. (Reed. 28/9.21.) 

From the Author. 

Sexton, Alexander Humboldt. Fuel and refractory materials. 
Xew edition. By William Brown Davidson. London 1921. 
pp. [s] 4- 382. ill. I2s.6d.net. (Heed. 4/10 21.) 

From the Publishers : Messrs. Blackic & Sun. 

1'xited States Department of Commerce. Bureau of the. 
Cam. Abstract of the census of manufactures, 1914. Washing- 
ton 1917. pp. 722. (Reference.) From Mr. 1L X. Garrod Thomas. 

IIeyl, Iiieodor [Editor]- Die Mcthodon dor organiseheu 
(.'hemic. 2nd edition. Edited by Josef Hocbkv. Vol. I. 
Leipzig 1921. pp. xxvii + 1 121. ill. (Reed. 11 7.2!.) 

lwom the Publisher : Georg Tiiieme. 

Whitmore, Frank C. Organic compounds of mercury. Xew 
York 1921. pp. 398. 84' 50. (Reed. 16 8 21.) 

Irom the Publishers : Chemical Catalog Company. 


111 . ltj I'urekm. 

htuTiioi.LET, Claude Loris, and Beiitiioli.et, Amedee B. 
•ieuimts of thc art- of dyeing and bleaching. Xew edition. Trans- 
by Andrew Ure. London 1841. pp. xvi+540. ill. 

feftrence.) 

Bolas, Bernard D. A handbook of laboratory glass-blowing, 
union 1921. pp. viii + 10(1. ill. 3s.Grf.net. (/.W. 18 6 21.)° 
‘mess, Charles F., Pclsiffr, H. 15., and Freud, Benjamin 
Applied electrochemistry and metallurgy : a practical treatise 
|® commercial chemistry, the electric furnace, the manufacture of 
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ozone and nitrogen by high-tension discharges, and the metal], u-m. 
of iron, stee), and miscellaneous metals. Chicago 1920. + 
viii 4- 198. ill. I7s.net. (Reed. 15/8/21.) 

Coition 1 fk, Ch. Les vernis. Paris 1921. pp, viii + 0-10 jn 
40/r. {Heed. 15/6/21.) 

Comjsy, Arthur Messinger, and Hahn, Dorothy A \ 
dictionary of chemical solubilities — inorganic. 2 nd edition. h'e,y 
York 1921. pp. xx + 1142. 72s. net. (Reference.) 

Deutscher Farrer-Kalender. Wittenberg 1921. pp. 
ill. ( Reference .) 

Fritsch, .T. Los huiles industrielles ct leurs derives. Paris 19 -in 
pp. viii + 357. ill. 17s. 6d. (Reed. 22/6/21.) 

Hausbrand, E. Die Wirkungsweise der Rektifizicr- und Dcstilli tT . 
Apparate mit Hilfc einfachcr mathematischer Bctrachtungcn. . 40 
edition. Berlin 1921. pp. x + 270. ill. (Reed. 15/7/21.) 

Lehmann, Otto. Die neue Welt der flussigen Kristallc und 
deren Bcdeutung fiir Physik, Chemie, Technik und Biologic 
Leipzig 1911. pp. viii + 388. ill. (Reed. 22/6/21.) 

Michaelis, Leonor. Praktikum dor physikalischen Chemie 
insbesondero der Kolloidchcmic fiir Mediziner und Biologen 
Berlin 1921. pp. viii + 160. ill. (Reed. 22/6/21.) 

Ministry of Munitions and Department ok Scientific ,\\u 
Industrial Research. Technical records of explosives supply 
1915—1918. No. 1 . Recovery of sulphuric and nitric acids from 
acids used in the manufacture of explosives : denitration and 
absorption, London 1920. pp. viii + 56. ill. 12s. 0 <I, net 
(Reed. 18/6/21.) 

Mitscueki.ich, Kiliiard Alfred. Bodctikunde fiir Laud-und 
Forstwirte. 3rd edition. Berlin 1920. pp. xii + 355. ill. (Rad 
15/7/21.) 

Nernst, Walther. Thcoretische Chemie. 8 th— 10th edition,, 
Stuttgart 1921. pp. xvi + 896. ill. (Reed. 22/6/21.) 

0-twaui. Wilhelm. Physikalische Farbenlehre. Leipzig 1019. 
pp. xii +259. ill. (Reed. 22/6,21.) 

Die Farbcnfibeh 4th— 5th edition. Leipzig 1920. . pp. viii 

+ 45. ill. (Reed. 22 6/21.) 

Planck, Max. 1 orlesungen liber Thermodynamik. 6 th edition. 
Berlin 1921. pp. x + 292. (Reed. 28/6/21.) 

Tun. mann, Otto. PHanzenmikrochemie. Berlin 1913. pp. xx -f 
631. ill. (Reed. 6/7/21.) 

Washington, Library of Congress. List of references an 
dyestuffs chemistry, manufacture, trade. Compiled under the 
direction of Herman H. B. Meyer. Washington 1919. pp. I'S 6 . 
(Reference.) 5s. net. 
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j n the dicyclic compounds, the orbit, extending completely 
fliuid the active part of the molecule, is elliptic and of approxim- 
lte [y twice the size; consequently the periodic time is almost 
Jouhle. It is less than double because the attracting mass has 
)e en increased, as well as the size of the orbit. Taking pp'-di- 
ivdroxybenzhydrol as the simplest dicyclic substance, the following 
liagram approximately represents the motion, with three kinks 
u the orbit. 



(I.) (II.) (III.) 


The fallowing figures represent my conception of the complete 
orbits, allowing for the fact that the rings in dihydroxybenzhydrol 
sro most likely inclined to one another at the tetrahedral angle 
of 109°. 



A 290. X 530 when X is hydrogen. 


Xow, experiment shows that when a dicyclic substance is doubly 
Wied (that is, when the two positions marked X are united by 
O.NH, S, etc.) the colour becomes lower in a constant proportion 
a given linking. Thus : 


' fluorescein A iv nrulin (pqi) * 

" l'iienolphtlialcin iniopiicnol 

bis is the value of the factor for the oxo-linking, — 0 — . 

.... ^ h >™ investigated ten cases of this sort, giving an average uf 0-891 for 
oxo. lading factor, with very little variation. 
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I therefore supplement the above conception, of the dicycli, 
orbit with the supposition that a second linkin g draws the tv t 
rings closer together and so contracts the orbit in constant p ro 
portion for a given linking, making it more circular and therefore 
leading to a smaller absorption wave-length. 

In general, it may be noted that this orbit theory bears a co . 
siderable resemblance to the theories of Hewitt and of Watson 
and Meek of the three and five tautomerisms, for most of their 
three-tautomerism substances are “ monocyclic,” and my “ ^ 
cyclic ” substances can be written so as to exhibit five tautomerisnu 
more frequently than any other number. 


Method of Calculating the Colour of Dicyclic Substances. 

This follows immediately from the above theory. Two phenol 
rings taken together form the “ parent-substance ” and the con- 
stant fundamental absorption wave-length X 1380 is assigned to 
this combination. This figure is multiplied by the linking-factors 
of the group or groups joining the rings. 

The product is the absorption wave-length df the prototype of 
the coloured substance under consideration, that is, dihydicuv. 
benzhydrol if the linking group is CH-OH, indophenol if the 
linking group is NOH, resorufin if there are the two linking groups, 
NOII and 0, and so on. 

This prototype wave-length is then multiplied by the “ colour- 
factors ” corresponding with all the side-groups or inactive rings 
in the molecule, and the product is the absorption wave-length of 
the coloured substance. 

Thus, to calculate the colour of fluorescein, X 1380 is multiplied 
first by 0'39 (“ hydroxymethylene-linking factor”). The product 
X539 is the absorption wave-length of pp'-dihydroxybenzhydrol, 
This is then multiplied by 0'891 (“ oxo-linking factor”); the 
product X 480 is the absorption wave-length of 3 : 6-dihydroiy- 
xanthhydrol, which i , the prototype of fluorescein. Fluorescein is 
the orfAo-benzoic acid derivative of 3 : 6-dihydroxyxanthhydwl, 
and the calculation is completed by multiplying X480 by the 
benzoic acid colour-factor,* which, as it represents a “load 1 , 
outside the orbit, is greater than unity, namely, I '029. Hence 

* The benzoic acid factor T029 may itself be resolved into a phenyl feeler 
(1'026) and an crlXo-earboxyl factor (1-003). Using the former with X 480 
of dihydroxyxanthhydrol, we get the colour of p heny Id ihydroxy xanthhydrol 
(resorcinolbenzein) — a 493 as another intermediate stage on the way la 
fluorescein. 
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fluorescein has X* = 480 x 1‘029 = 494-5. Representing the whole 
calculation by one equation, we have X* = 1380 X 039 x 0891 x 
1-029 = 494-5. This agrees with the observed value (X 493-5 to 
194)- 


OH OH 



Two phenol rings. 
A 1380. 


Oil 0# 

qo 

H OH 


Dihydroxybenzhydrol. 
Obs. a 539 (calc. A 538). 


0 



Dibydroxyianthhydrol. 
Obs. A 479 (calc. A 480). 


HOf / \' / \j / \oH 

\/\A/ 




iCO,H 


/ 

Fluorescein. 
A 494. 


The factors may be combined in any order ; thus, to calculate 
ie colour of fluorescein, that of phcnolphthalein may first be 
lalculated (X 1380 x 039 X 1 '029 = X 555) and its wave-length 
inally multiplied by the oxo-linking factor 0-891. 
tor the purpose of these calculations it is necessary to WTite 
ill constitutional formula in their most hydroxylated form, elirnin- 
iting quinonoid bonds, para-linkings, and lactone rings. Thus, 

. /\ NH— /\ 

iot example, phenazine is written I II and resorufin 


hoA° 


/\ 


\An(0hA, 


iOH 


./ 


\/ N(OH) \/ 

It is a deduction from such a theory 


the colour of dicyclic substances comes down from the infra- 
amth, increasing complexity of linking, not up from the ultra - 
‘ as is usually supposed. On the other hand, increasing 
ftp exity outside the linkings puts the colour up again, as is well 

flown - 1 ° ' 


Returning to the monocyclic coloured substances, I now append 
^ Vin 8 the value of the colour-f actors. 
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Monocyclic Colour-factors. 


Name of factor. 

A. Phenyl 

B. ortho -Carboxyl 

C. Phthalein 

D. Amino- 

E. iV- methyl 


F. Methylamino- 

G. Dimcthylamino- 


Proporty of factor. Numerical value 

CH«*OH — > PhCH'OH — > Ph a C*OH 1-135 

Phenyl compound — > phthalein 1055 

•C|H 4 *C0 4 H introduced into a carbinol L 2001- 

Calculation of aniline derivatives from 

phenol derivatives _ l'HO 

Calculation of mothylamino- and di- 
methylamino- compounds from amino- 
compounds 1*035 

Calculation of methylamino-compounds 

from hydroxyl compounds 1*180* 

Calculation of dimethylamino* from hydr- 
oxyl compounds 1*222+ 


f This is factor A X factor B. Third places of decimals are estimates. 
+ These are D X E and D X E 3 . 


The next table gives the results of applying these factors. 


The Calculated Colours of Monocyclic Substances. 


Name. $ 

1. Fuchsonn 

2. Fuchsonfi-imonium 

salts 

3. Fuchsonedimethyl- 

imoniutn salts 

4. Hydro xyphenyl- 

phthalide 

5. Hydroxydiphenyl- 

phlhalide 

6. Diinethylaminodi- 

pheuylphthalide .. 

7. Dimethylaminobenz- 

hydrol 

NOTE.— All the observations recorded in this table (except the first) were made with nquwas 
solutions In order to get complete ionisation. 

§ The formulae of these compounds aro given at the end of the paper. 


Relation to 

p-hydroxyben/yl alcohol. 
Two phenyl groups 
Two phenyl grows, 
also NH S dee OH 
Two phenyl groups, 
also NMcj vice Oil 

Detailed calculation. 

A 280 x (1*135)* 

A 290 x(M 35)* X 1*140 

A 290 X (1-185)* X 1 *222 

Colour. 

Calc. Obs, 

A 574 A 380 (ale.) 

A 42C A 425 

A 457 A 455 

Factor C 

A 290x1-20 

A 348 

A 350 

Fact ora A and C 

A 290x1-1 35x1-20 

A 394 

A 395 

Factors A, 0, and O 

A 290 x 1-135 x 1-222x1-00 

A 483 

A 480 

Factors A and G 

A 290x1-133x1-222 

A 401 

A 400 


These constitute about half the possible derivatives of p-hydr- 
oxybenzyl alcohol; the remaining six have bands in the ultra- 
violet only, and means for their examination are not at my disposal, 
1 venture, however, to predict their absorption bands, namely, 


p-Aminobenzyl alcohol 
p-Dimefchylaminobenzyl alcohol 
p • Hydroxy be nzl ly d rol 
4-Hydroxyphthalide 
p-Aminobenzhydr : * 
4-AminophthaIide 


(weak aqueous acid) 

t .. „ > 

(weak aqueous alkali) 


(weak aqueous acid) 

( » - .. ) 


A 330 
A 354 
A 329 
A 307 
a 375 
A 350 


The rough prediction can also be made that the corresponding 
orfAo-derivatives, for example, saligenin and o-hydroxybenzhydrol, 
will have bands at about 30 units higher than the para-derivatives. 

Two future extensions of the theory in respect to monocyclic 
coloured substances can be pointed out : (1) the active ring may 
be derived from thiophen, furan, pyrrole, naphthalene, etc., as 
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„ e ll as from benzene, (2) the secondary group need not be -CH 2 -OH, 
but by a nal °gy ma y be -NH-OH (giving the quinoneimine family ; 
bydroxylated form), or -O-OH (giving the quinone family), or - S-Oll 
(giving an unknown group [thioquinone]). It is to be noted that 
,[ " monocyclic ” colours are yellow or orange (X less than 500). 

Part II ■ Details of the Calculation of the Colour of Dicyclic 
Compounds. 

For this calculation two tables are required, one giving the 
inking-factors which contract the orbit, and the other the group 
■olour-factors which expand the orbit. 


Table of Linking -factors. 


Name. 

A. Methylene 

B. Methenyl 

C. Iraino- 

D. Oxo- 

E. Thio- 
ls Hydroxyraethylene 

G. Keto- 

H. Hydro xymethenyl 

I. Oximino- 

J. Sulphoxide 


-CH 2 - 

>CH- 

-NH- 

- 0 - 

-s- 

-CH(OH) 
-CO- 
>C(OH)- 
-N(OH) - 
-SO- 


Numerical value. 

0-G50* 

0-645 (for triphcnylcarbinol colours) 
0*780* ' 

0-891 
0-920* 

0-390 

0-235 

0-387 Jfor triphenylcarbinol colours) 
0-55 (inferred, not experimental)] 


* The third place of decimals is as yet provisional in these cases. 

| I have worked out about thirty group-colour-factors, of which 
he most important are given below. ;' 


Table of Dicyclic Group-colour -j 'actors. 


. XHj/OH 
:. XHMe/OH 
:. Mfej/OH 
. NBt 2 "/0H 
.. XHPh/OH 
i XHPh/NH a 


- 1-007 (used to calculate aniline colours from phenol colours) 


CPii/CH ) 
XPh/NH ’ 


— 1*035 ( „ „ methylanilinc „ .. ,, , 

— 1’059 ( „ ,, diinethvlaniline .. .. ) 

— I *00 1 ( „ ,, diethylaniline ) 

— 1-060 ( „ diphenylaminr* ) 

= 1*052 (substitution of Ph for H in an ’"active” amino- 
group) 

^ =1*026 (substitution of Ph for H in any Uakluy ) 

i. CjHj’COiH/H — 1 -029 (used to calculate phthalcin and rhodamine colours 
. from thoso of hydrois) 

• vhS0jH/H = l-045 (used to calculato sulplumcphthalein colours from 
. those of hydrois) 

& | ortiio-CH, "i i 

1 J ortho- Et 1 j 

kWl/m-Cl j —1013 used h.r substituents orll.n In the uetive "roup 

L I itrtAo-Br I ( | 

1 Mo-Groups = 1-020 ( „ „ .. „ ,.) 

Okst of the remainder are fo be found in A., 1021, 120. ii, fi, where 
stlh f 1023 •” 6h0Uld r °“ cl “ N1 ' :t > Xote ah mild also ho taken 

6 gures in the abstract refer to substitution of a group for hydrogen, 
s ^ this paper substitution for hydroxyl is the basis of calculation. 

3 L* 2 
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It is to be most carefully’ noted that these factors only apn] 
to the dicyclic group. The monocyclic factors (page 1660) ai g 
much larger than these. 


Calculation of the Colour of Familiar Dicydic Substances * 


linking group. 

1. pp'-Dihydroxybenzhydrol 

contains the linking F 

2. Michler’s carbinol is the 

foregoing with NMe 2 for 
OH (twice) 

3. Michler’s ketone is the fore- 

going with linking G for F 

4. Indophonol contains the 

linking 1 

5. Bindschedler’s green con- 

tains the linking I and two 
NMe 2 groups 

6. Indamine contains the link- 

ing I and two NH S groups 


substances are those with only otle 

01)a -fc 

x r = 1380x0-39 

=638 

^uterj, 
A 539 

X, — 1 380 X 0-39 X ( 1 '059) E 

= 603 

X 603 

X,= 1380 x 0-235X(1-059)* 

=363 

A 364 

\,= 1380 x 0-47 

= 649 

A 650 

x,= 1380 x 047x(l’059) E 

= 728 

A 730 

X,=1380x0 47x(l'007)> 

= 658 

A 660 


Nearly all the other possible, singly-linked, dicyclic substance? 
will be found on calculation to have colours in the infra-red, for 
example, dihydroxydiphenylmethane X 897, quinol hemi-ether 
X 1225, and dihydroxydiphenylamine X 1075. 

A few others, like pp'-dihydroxybenzophenone (calculated X 324), 
are coloured in the ultra-violet. I hope that some one will measure 
the absorption bands of these substances so that it may be ascer- 
tained whether the theory still holds in these extreme cases. 

B. — The next simplest are prototype, doubly-linked substances, 
that is, those constituted of only two linking groups and the active 
rings. 

Ohs. (in 


7. Dihydroxyxanthhydrol liaa 

linkings D and F 

8. Dihydroxyacridine has linkings 

C and F 

9. Dihydroxyphenazine 1ms link- 

ings C and I 

10. 2 : 7-Dihydroxyanthraeene has 

linkings A and F 

11. Resorufin has linkings D anil I 

12. Thionol has Unkings Z and I... 

13. Pyronine is No. 7 with 2NMo 4 

for 20H 

14. Methylene -blue is No. 12 with 

2NMe 2 for 20H 

15. Ethylenu-blue is No. 12 with 

2NEtj for 20H 


water), 

A*- 1380 X 0-39x0-891 -479 A 47<i 

A 2 =l380x0-39x0-78 =420 a 421 

A, = 1380x0-78x0-47 =506 x 510 

a*=1380x 0-65x0-39 =350 
a x = 1380x0-89x0-47 =577 A 576 
A* = 1380x0-92x0-47 =596 a 593 

a, = 479x(1-059) 2 =537 a 537 

\ 6 07-f 

A. t =596x(1-059) 2 =668 A 606 

Aj;=596x (1 061) 2 =672 a 673 


* The formulae of these compounds are given at the end of the paper, 
t Sco “Rufol” (Beilstein, “Organiseho Chemie,” II, 999), which haa the 
required colour. 
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g_-The next simplest are triphenylearbinol and phenazine dyes 
. w y c h one ring is inactive, namely, the benzeins, phthaleins, 
famines, “ sulphonephthaleins,” safranines, benzoflavines, etc. 


. genrtturin is the 
phenyl deriv- 
ative of No. 1 . . , 

A z =538xl>026 

=553 

Obs. (in 
water). 

A 553 

- phenolphthalein is 

the CgH^COoH 
derivative of No. 1 

a,=538x 1-029 

= 555 

a 554 

g Tetr&bromobenz- 

aurin has 4Br all 
ortko to OH 

A,=553x{1013)‘ 

—583 

A 583 

9. Malachite-green is 
' * the phony l deriv- 
ative of No. 2 . . . 

A-=603x 1-026 

= 619 

AGIO 

o Brilliant-green is 
the tetraethyl do* 
rivafcive 

A z — 6L9“(l*059) s x(l‘061) 3 

— 023 

a 622 

M Rhodamine is the 
" C,H 4 *C0 2 H de- 
rivative of No. 13 

A»— 537 X 1-029 

=552 

A 5o3 

>2, Doebner’s violet is 
No. 16 with 2NH ? 
for 20H 

a z =553x(1'007)* 

= 561 

a 562 

23. Safranine is phenyl- 
diaminophenazine 
| (see No. 9) 

\ x - 506 X(l-007) 3 x 1-026 

= 527 

A 525 + 
A 505 

. Benzoflavine is 

phenyldiamino- 
acridine (see No. 

8) 

x i =420X(1 00T)Sxl'U20 

-437 

A 450" 

.. Eosine is No. 17 
with the oxo- 
linking and 4Br 

A z — 555x0-891 X(1013)‘ 

= 521 

A 521 

i, ThymoTsulphone- 
phthalein is No. 1 
with C g H/S0 3 H. 
2CH S ( meia ) and 
2C 3 H 7 (ortho) ... 

A*— 538 X 1'045 X (1*026J 3 X (1-013) 

J — 607 

A 604 


* Commercial specimen, possibly containing methyl groups. 


It is to be noted that the factors can be multiplied and divided 
ataally, giving new factors for special purposes. Thus a special 
fraaine factor is obtained by multiplying the JfH, the NOH, 
d the Ph factors together and dividing by the PhC(OH) factor 
W X 0-39). This gives 0'94, by means of which the colour of 
ay safranine can be calculated from that of the corresponding 
nzatirin. 

la this way, for example, the indulines and nigrosines can be 
"elated with the phenyl dye analogous to malachite-green. 
fr-The remaining class has three rings, all of which are active, 
h offing to the attraction of the central carbinol hydroxyl group 
®hit round the whole molecule is unstable, so that instead of 
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such an orbit, a looped or trefoil orbit is performed by the moving 
particle, and only two rings at a time act. 



This assumption is necessary to explain why tho three sym- 
metrical substances aurin, pararosanilinc, and crystal-violet have 
colours which are very close to those of dihydroxybcnzhydi^l 
diaminobenzhydrol, and Michler’s carbinol. 

The factor H (“ hydroxymethenyl ”) of value 0*387 is used here: 


27. Aurin : Two phenol lines.. 

28. Pnrarosnniline : Two tmilim. 

rings 

21). Crystal-violet: Two di 

inethj laniline rings 

30, Aniline-blue : Two dipheny 
aininc rings 


Obs. jia 
water: 

A, - 1380x0-387 — 531 ASIf 

a. = 1380 X ( 1 007 ) a X 0-387 = H‘i a 
A, — 1380 X (1*059)- x 0-387 = 508 a ,« 
a.,= 1380X (1 060)- x 0-387 = 1)00 a OT 


Since the hydroxymethylene factor F is O olMI, tho relation It 
the benzhydrol colours is thus brought out, the orbits being almost 
identical. 

This new theory with respect to substances with three active 
rings requires that such a substance as “ p-hydroxy-malachite- 
green ” (formula above) shall exhibit two colours simultaneously. 
This is in accordance with fact. This substance is purple, with 
X 578, when faintly alkaline, and blue, with X 608, when faintly 
acid, and shows both bands when neutral ; the lower band is close 
to the position of the hand of hydroxydimethylaminobenzhydrol, 
and the upper hand is close to the position of the band of bisdimethyl- 
aminobenzhydrol (XX 571 and 003 respectively). Therefore, when 
the substance is neutral, it has the trefoil orbit and shows both 
bands; when it is acid, the -C 6 H 4 -OH group is suppressed and 
the substance has the same orbit as Michler’s carbinol; when it 
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jg alkaline, one -CjH^NMej group is suppressed and the substance 
behaves almost as if it were hydroxydimethylaminobenzhydrol. 

the same way, the green colour (X 632) of acid crystal-violet 
is explained : one of the groups is no longer active, but becomes 
-C t H 4 'NHMe 2 Cl, the orbit becomes much the same as that of 
malachitc-green, and the colour is that of a “ loaded ” malachite- 
green. Finally, if much acid is present, two of the groups become 
-C s H 4 - NHMe 2 Cl and the subst&nce then contains only one active 
ring and is monocyclic and yellow (observed X420). Similarly, 
lc jff malachite-green is yellow and is monocyclic (observed X 438). 

Other substances, such as oxyhsemoglobin and carmin, which 
exhibit double-banded colours will probably be shown to be capable 
of similar alternative orbits. 

Sonic notes on the extension of the theory are now appended. 

1. As a rule, the position of the absorption band is very slightly 
affected if the active groups are not in the para-position with 
respect to the linking group. Taking X 1380 as the value of two 
y-hydroxyphenyl rings, the value for two ni-hydroxyphcnyl rings 
lies between X 1385 and X 1390, and the value for one para- with 
one ortho- ring is about X 1395. An example of the former is quinol- 
phthalein, which is isomeric with fluorescein but has the hydroxyl 
groups in the meta-position with respect to the linking hydroxy- 
mothenyl group and has X 499 (with a faint blue fluorescence) in 
sodium hydroxide solution and rather lower in ammonia.* An ex- 
ample of the ortho-para- grouping is phenol -p-cresolphthalein, which 
has X 572, whilst phenol-o-cresolphtha!ein (which is a pp'-compound) 
has X 562. 

2. The calculation of the colour of naphthol and naphthvlaminc 
dyes gives irregular results, but I am of opinion that this is the 
fault, not of the theory, hut of the constitutions assigned to the 
defaulting substances, one of which, for example, has recently 
been shown to be an oo'- instead of a pp'-compound.f The 
naphthol/phenol factor is in any case very high, varying between 
1‘08 and 114. 

3. The factors of linking groups containing oxygen, such as 
CH’OH, NOH, are related to those of the corresponding non- 
oxygenated groups by the fraction This probably represents 
an undiscovered law of nature in connexion with electron move- 
ments. The number of fundamental factors can thus be reduced 
to four, namely, those corresponding with CH 2 , NH, 0, and S, 
and the formula of any coloured compound is therefore most simply 
written, for the purpose of this paper, as that of its leuco-compound 

* Fluorescein has A 494. 

t c-Naphtholphthalein {Bcr., 1920, 53, [B], 1445). 
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with the addition 


ui an 


NMe. 


0 


/x/yw 

\/\/\/ 

9 H 

/>|C0 2 H 

\/ 


latter being counted as } in the calculation; for example, rhod. 
amine : two dimethylaniline rings = 1 1380 X (T059) 2 = x 1547 . 
the "O - and -CH 2 - linkings lead to multiplying by 0-891 and by 
0'65, giving X 896, This is then multiplied by the benzoic factor 
and by jj, giving X896 X T029 X 0'6 = X552 (see No. 21). 

It does not necessarily follow, however, that the leu co-compounds 
themselves possess sharp absorption bands. 


Possible New Classes of Coloured Substances. 


(1) Dihydroxydihydroanthracene gives X 583 by the theory 
but as it is a leuco-compound it may not be capable of exhibiting 
this colour. 

(2) Quinol-ether oxide, 0((^ should have X 735 


and may possibly exist as a (green) salt, ^)IOCl^ \()H * 

The existence of similar compounds with S and SIO as the linking 
groups is possible, and also of isomerides with wi-hydroxyl j 
(resorcinol-ether oxide, etc.). 


(3) The compound 


HoAf , /X jOH 

\/ SC1'\/ 


also gives a calculated 


colour (X 702) lying within the visible spectrum. 


(4) 2 : 7- (instead of 3 : 6 -)Isomerides of the oxazine, acridine, 
and thiazine dyes appear to be unknown, but it is to be expected 
that they would be valuable dyes with slightly higher colours than 
the 3 . 6 -isomerides and would exhibit scarcely any fluorescence. 

The Two Exceptions.- -(a) 3 ; 6 -Dihydroxyxanthone is described 
as having X 381 (E. R. Watson, “ Colour and Chemical Consti- 
tution,” p. 88 ), whereas the theory gives X 288. It is possible 
that the colour was observed in the absence of alkali, in which 
case the result would be abnormal, as in the case of phenol, the 
spectrum of which is different from that of the phenoxide ion. 


* Compare quinhydrone as 0: 


\ /O(0H)( )0H. 
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, 2 • 7 -I>ihydroxyanthraquinone has a high colour, whereas the 
' predicts a value of \ smaller than 100. Probably, when two 

t ' . j groups are present, they co-operate in producing a special 
'brition quit® different from that produced by one carbonyl group. 

! Formula of the Substances dealt with in the Paper 
[excepting those given in the text). 

^QOZ OH-CPh 2 <^>NH 3 - OH-CPh 2 <^>NHMe 2 ’ 

Fuehsoneimonium Fuchsonediraethyl- 

ion. imonium ion. 


Fuchsone. 


C0 2 H 


CCXjH 


NMe^^)CPh(OH)/ 

p-Dimethylaminodiphenylphthalide. 


h°O ch(0H) O 

pHydroxyphouylphthalide. 

iMejNff ScHPh-OH H0 \_/ CH2 ' 0H H 0 

[ \ — ' C0 2 H 

DimethyUminobenehydroL 4-Hydroxyphthalide, 


C0(C,H 4 'NMe 2 ) 2 
Midler's ketone. 


HO-N(C 6 H 4 -OH ) 2 

Indophenol. 


CH(C,H 4 -NMe s ). 

Michler’s carbinol. 
Bisdimethylamino - 
benzhydrol. 

HO-N(C 6 H 4 *NH 2 ) 2 

Indam ine. 


>N(C 6 H 4 -NMe 2 ) 2 0 (C 8 H 4 - 0 H ) 2 

)r’s green. Quinol hemi-ether. 
/\ 

HOi 


HOi 


/\ NH / 


V CH(OH) \/ 

Dihydroxyacridine. 


> 


OH 


ho /\/NH \/\ oh 
VN(OH)\/ 

Dihydroxyphenazine. 

0 '/\0H 


,/\ CH 2 — / 


OH 


■°n 


U"'N(OH)\, 


H' 


Kile, 


\,/'-N(0H) / 

Resorufin. 

A/0- 


/ 


\/ CH(OH) \/ 

Dihydroxy anthracene. 

s ^oh 

\/ N(OH) \/ 

Thionol. 


A 


/ 


U CH(OH) k 

Pyronine. 


iNMe, NMe. 


/\ S ,/\- 

' I f I 




Nile. 


"fl fV 

\/ CPh(OH)* \/ 


hoA 


./ N(OII) \/ 

Methylene -blue. 

/Noh 


\AC(OH) 


/ 


() c 


Benzaurin. 


Phenolpbthalein. 
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Br Br 

hoA 

Br \/ CPh(OHK\/ Br 
Tetrab romobenz aurin , 

OH-CPh(C 6 H 4 -NEt 2 ) 2 

Brilliant-green. 


HO-CPh(C,H 4 -NMe ! ,) J 

Malachite -green. 

OH-CPh(C 6 H 4 -NH 2 ) 2 

Diibner’s violet. 


NH 


/V/NPh— ./\ N h 3 
\/'-N(OH)'\/ 


HO; 

Br! 


Br 

,/V 


Br 

v/\ 


(OH 

iBr 


Safranine. 

(or with NPh and NOII reversod.) 


/\ NPh — 

-I i 

\/' CH(OH) 

Benzoflavinc. 


X |NH 2 


/ 


l|-’(OH) / \/ 

Ac°a H 

\/ 

Eosine. 


HOjAMe McAoH 
C s H 7\/ -9(OH) \/ C : H - 

\/ 

Thymolsulphonephthalein. 


OH-C(C 6 H 4 -OH) 3 

Aurin. 


0H-C(C 6 H 4 -NH 2 ) 3 

Pararosaniline. 


OH‘C(C 6 H 4 *NMe 2 ) 3 

Crystal-violet. 


HO^ ^CH(OH)/^)NMe 2 


OH-C(C 6 H 4 -NllPh) 3 

Aniline-blue. Hydroxydimethylaminobenzhydrnl. 

(C 6 H 4 -NMc 2 ) 2 C(OH)-C 6 H 4 -NHMe 2 < 


Crystal-violet ion (green) in 
moderately acid solution. 


HO; 


/ N 


HOi 


!CH. 


NMc 2 -C 6 H 4 -C(OH )(C,H 4 , NHMe 2 ) 1 


Crystal -violet ion (yellow) 
in strongly acid solution. 

Government Laboratory, 
Hospital Street, 
Johannesburg. 


\/ C(OH) \/ 

/\.co 2 h 

\/ 

Phenol -p - cresolphth alein. 


[Received, February IT th, 1921-! 
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CLX XXIX . — The Hydration of the Fibres of Soap Curd. 
Part III. Sorption by Sodium Palmitaie. 

By Mary Evelyn Laino. 

Previous work (McBain and Taylor, T., 1919, 115, 1300; McBain 
n ij Martin, this vol., p. 1369; McBain and Salmon, ibid.., p. 
1374 ) has shown that the fibres which form the structural basis 
of soap curd abstract by their hydration definite amounts of water 
from the solution with which they are in contact and thus give 
jj se to the appearance of negative sorption of the salts dissolved 
in the lye or mother-liquor. The value NaP,21H 2 0 for the hydra- 
tion of sodium palmitate in the presence of a nearly saturated 
solution of sodium chloride at 90° has been established by several 
methods. It has been shown that these fibres sorb small amounts 
of sodium chloride, and the same has been found to be true, of 
sodium sulphate, except in the presence of a large amount of 
some other salt. 

The present work was undertaken in the hope of finding some 
easily analysable reference substance which would be applicable 
in all cases to the determination of the hydration of soap fibres 
and incidentally to the extension of the existing scanty knowledge 
of the sorption of various substances by curd fibres. 

Glycerol is the only one of the substances here investigated 
which is neither appreciably sorbed nor decomposed by the soap ; 
it is not, however, easy to use as a reference substance, This 
result is of twofold interest. In the first place, the hydration value 
ibtained with it, XaP,2-0H,O, agrees with the value obtained by 
!he previous methods. In the second place, glycerol being a most 
important material from a commercial point of view, it becomes 
evident that the loss of the glycerol retained in the soap (equal, 
perhaps, to 10 per cent, of the world's output) is not inherently 
unavoidable, for all the glycerol may he washed out from the 
soap curd, being not chemically combined, hut merely held in 
(lie mechanically entangled lye. The problem is that of washing a 
wet precipitate. The expense of recovering a large part of this 
glycerol is a commercial question, but it is possible to do it by a 
suitable modification of the process of soap- boiling. 

Experiment a l. 

lure sodium palmitate was prepared as follows : Sodium wire 
which had been cleaned in methylated ether was dissolved in 
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alcohol that had been distilled after standing for a year 0Ver 
calcium oxide and was therefore thoroughly dry. The sodiu^ 
ethoxide formed was treated with palmitic acid (Kahlbaum) 
the alcoholic soap solution, after dilution with a recently boiled 
mixture of alcohol and water (3 : 1 ), was found, by repeated tests 
to give a neutral reaction with a neutral alcoholic solution of phenol ' 
phthalein. After being isolated, the sodium palmitate was 
for a week in a vacuum desiccator and was thus obtained as a p| II( 
white powder. 

The dry, neutral sodium palmitate was weighed into a glass tub 
and dissolved in the necessary quantity of a solution of sodium 
chloride containing the reference substance to make the solution 
approximately normal with respect to sodium palmitate. Glais 
was not affected by sodium chloride, but it was not used with 
alkali, because in blank experiments the concentration of A'/IO 
sodium hydroxide increased by 5 per cent, and of a 2'5iV-solutiou 
by 11 per cent, after shaking at 90° during one week. 

The glass tubes were sealed and shaken for one week at 90° and 
allowed to stand for another week at 90°. In this way a maximum 
amount of lye was obtained, as in some cases the separation of the 
two layers required several days and in others there was no appreci. 
able separation after long periods at 90°. The tubes were opened 
and the lye was withdrawn with a pipette fitted with a glass filter, 
cap specially designed to filter all the solution through a single 
thickness of filter-paper about 1 mm. in diameter. The first few 
drops of lye were discarded in case the tiny piece of filter-paper 
had sorbed any of the reference substance. In all later analyses 
the water content of the lye was found by evaporation of samples 
after a few drops of hydrochloric acid had been added to decompose 
any soap that might possibly have been present. All duplicate 
samples gave the same percentage loss of water. 

In some cases the concentration of the reference substance was 
very low owing to the fact that some salts were salted out in 
concentrated sodium chloride solution, their solubility being 
lessened. In such cases the blank analyses (in duplicate) were 
alone taken to give the original concentration. In others the 
weighed amounts take:i agreed with those analytically determined 
in blank experiments. 

It should be clearly understood that the absence of glycerol 
from curd fibres which have been salted out at 90° has nothing 
at all to do with the phenomena evolved when “ neat soap is 
formed as an upper layer in soap-boiling. This neat soap con- 
taining 30 per cent, of water is not a curd, but it is a liquid, whether 
gel or sol, and the concentration of glycerol in this liquid is governed 
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, the law of distribution between it and the lower layer, whether 
: ire ® ly°- These relationships will he dealt with in other 
j^niaunications from this laboratory. 

The previous paragraph therefore refers only to curd in the 
resence of graining lyes. 

^ the chemicals employed, except sodium formate, were Kahl- 
aum’s best. All vessels were carefully calibrated. Concentrations 
expressed in weight normality, mols. per 1000 grams of water. 

Analytical Methods. 

It must always be remembered in evaluating these results that 
ac h case represents small differences between large numbers, 
ence any slight error in the analysis is considerably magnified 
ap to thirty-fold) in the sorption or hydration results deduced, 
yhen the quantity of lye obtained was larger, the results were 
a ore accurate, and thus agreed very closely in blank experiments, 
iut duplicate estimations did not give very concordant values 
Then as in most cases, the quantity of lye was scarcely adequate. 
The presence even of traces of an unsaturated acid or of an 
isidisable impurity in the soap would prohibit the use of an 
uddising material as reference substance. 

In most cases, volumetric methods were employed in the pre- 
liminary experiments, hut where a compound seemed to be a 
promising reference substance, gravimetric analysis was carried 
out also. 

Glycerol was analysed by the acetin method with the following 
modifications. The sodium chloride solution or lye containing the 
glycerol was treated with sulphuric acid to decompose any soap 
present and the sulphuric acid removed by barium chloride. The 
[ethereal extract of the dried barium residue was evaporated to 
[dryness in a silica flask on a water-bath with the aid of a suction- 
pump. As any estimation in the presence of a slight trace of water 
or alcohol was valueless, the residue, before being analysed, was 
left over-night in a vacuum desiccator containing calcium chloride. 
The silica flask was fitted with a ground-in silica condenser. This 
arrangement greatly simplifies the procedure, for with continued 
boiling in glass the mixture of acetic anhydride and glycerol extract 
is liable to cake, causing fracture of the flask by local overheating. 
It also allows of rapid cooling of the contents of the flask. 


Experimental Remits. 

Incidental observations were made on the characteristics of the 
®p curd, particularly as regards its hardness and the extent to 
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which the lye was retained enmeshed in the curd on standing as 
well as after suction (Table I). For instance, the striking C0la 
bination of effects produced by small quantities of phenol would 
be of practical importance were it not for the fact that they a . re 
observed only with chemically pure palmitate. Commercial 
palmitates do not show this behaviour, probably because the 
effect is, as other experiments show, in the opposite direction ^ 
unsaturated soaps such as the oleate. Sodium phenoxide greatly 
lowers the so-called melting point of curds of pure sodium oleate 
an effect which is in the opposite direction to that observed with 
eight other salts investigated. 


Table I. 


Appearance of the curd and the lye when sodium palmitate i$ 
salted out by saturated sodium chloride solution in presence of 
small amounts of various substances. 


Reference 

substance. 

Clear lye 
visible. 

Proportion of 
the lye finally 
rccovored.* 

Curd, 

Sodium oxalate 

None 

i 

— t 

Potassium iodide . 

Scanty 


Soft 

„ bromate 

Scanty 

X 

— 

„ chromate 

Sodium formate 

Scanty, pale yellow 

l 

Very yellow 

None 

i 

Hard 

Acetone 

Plenty 

i 

Very soft 

Phenol 

None 

A 

Very firm 

Sodium thiosulphate 

Very little 

i 

Soft 

Glycerol 

Scanty 

‘ 

— 

Sodium hydroxide 

Plenty 


Soft 

* See columns o and 

G in Tables II and III, which show 

approximately 

how much lye was mechanically retained in 

the curd offer 

suction. The 

amount of lye obtained 

was, in most cases, greater than that recorded iii 


column 5, the remainder having been used for the estimation of the water, 
t The dash { — ) indicates that the appearance and the hardness of the 
curd were not noticeably different from those of the curd obtained in the 
absence of the reference substance. 


Table II contains the data for nine reference substances (for 
clearness, the weights re only recorded in rounded-off numbers). 

Table III contains the data for the sorption of the reference 
substances of Table II. The calculation of these results involves 
the hydration value NaP,2-lH 2 0 previously established, which 
necessitates a correction of the percentage change in the concen- 
tration of the lye recorded in Table II in order to allow for the 
water abstracted to form the fibres. The true sorption of the 
reference substance is expressed in three different ways : first, in 
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Table IT. 

Concentration changes in the added reference substance when 
„|um palmitate is salted out at 90°. 


Per. 



Nor- 


mality 

Reference 

of 

substance. 

NaP. 

idium oxalate 

1*0 

jtassium iodide 

1-23 


1*23 


0*98 

it broraate 

1*50 

„ chromate 

1*50 

dium formate 

1*23 

efcone 

0*62 


fan thiosulphate 1-29 
irnol 1'25 


0-998 

fcerol 1*10 

0-52 


Weight 

nor- 
mality Grams used. 

of refer- . ■ . 

cncesub- 


stance. 

NaP. 

Lye. 

0*003 

5 

16 

0*080 

5 

20 

0*815 

5 

20 

0-080 

3 

15 

00296 

5 

16 

0-0254 

5 

16 

0-1962 

5 

20 

0*1205 

3 

24 

0*0649 

5 

19 

0-0851 

5 

19*5 

0 0557 

4 

19-5 

01018 

4 

17 

0*1021 

3 

18 


centage 
change 
in con- 
centra- 
tion of 

1-yc obtained. refer - 

■ -. enee sub- 

Nor- stance in 
Grams, mality. the lye. 

3- 8 0-00295 - 17-2 

1-4 0-009 - 13-4 

1- 6 0-072 - 11-5 

2- 2 0-071 - 11-3 

1-D 0-070 - 11-7 

1-9 — _ 

5 0 0089 - 65-0? 

(4-3 * • 

12-6 

4- 8 0-0999 - 17-0 

2 0 0-995 - 17-4 

4 1 0004 - 15 

3 6 0-002 - 4-6 

0 40 0-069 - 23 

0-85 0-074 - 16 

2 0 0-040 - 28 

0 0 0-1059 - 3-6 

0 8 0-1053 - 3-2 


• The trace of soap in the lyo was sufficient to vitiate the analyses, probably 
ting the boiling with alkali and permanganate. 


e percentage of the total reference substance present which has 
en sorbed by the curd fibres; secondly, in the percentage br- 
ight, that is, the weight in grams sorbed by 100 grams of 
iP, 2-1H 3 0; thirdly, in order to render the results roughly- com- 
J. ’ in rnols. of reference substance sorbed by 1 mol. of 
iiiim palmitate— for an accurate comparison the sorption law 
«t have to be determined for each case. 

IUhouid he noted that whereas there is a real positive sorption 
i r f rence ^stance in each case except glycerol, never- 
tos the greater part of the reference substance is left in the 
, t ~ at 14 forms onl y au inconsiderable percentage of the 
of the curd fibres themselves. 

jr glycerol results, which are not quoted in the tables owing 
tte inadequate quantities of lye available, always showed a 

f lhatT aSe ln conccntra tion of glycerol, in agreement with the 
" <kt it is not sorbed by curd fibres. 
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Table III. 


Sorption of various substances by sodium palmitate at 90° j, 
presence of saturated sodium chloride solution. 


Reference 
substance. 
Sodium oxalate 
Potassium iodide 


„ bromate 

„ chromate 

Acetone 

Sodium thiosulphate 
Phenol 

Glycerol 


True sorption of ref creto 

Grams of substance. 


reference 


✓ 


-- — , 


substance 



Pro- 

Percent- 

Mols. 

per 100 


Fate of ; 

portion 

age by 

sorbed 

grams of 

Hob. 

reference 

per 

weight perl^ 

water. 

of Ts T aP. substance. 

cent. 

of soap, of Nap 

0-046 

1-0 

sorbed 

22-63 

0-042 

0-0008; 

1-322 

1-23 

„ 

17*2 

0-695 

0-012 

1-326 

1-23 


16*1 

0-639 

0-011 

1*173 

0-98 

„ 

11-6 

0-661 

0-009 

1-168 

0-98 

,, 

11-9 

0-680 

0-010 

0*494 

1-50 

reduced 

bromide only 1 

present 

0-493 

1-50 

„ 

66-8 

0-830 

0012 

0-726 

0-615 

sorbed 

190 

0-797 

0-038 

0-726 

0-615 

„ 

19-4 

0-811 

0-039 

0-672 

1-29 


5-95 

0-177 

0-003 

0-672 


„ 

9-02 

0-177 

0-005 

0-800 

1-25 

y » 

21-7 

0-401 

0-015 

0-800 

,, 

„ 

11-4 

0-303 

0-012 

0-624 

0-998 


30-8 

0-600 

0-018 

0*94 

MO 

unchanged 




0-94 

0-82 

„ 





Sorption of Sodium Hydroxide. 


There is an inherent difficulty in experimenting with sodium 
hydroxide in that it is one of the constituents of the soap itself, 
and it is difficult to be quite sure, first, that the reaction betweei 
sodium hydroxide and palmitic acid is completed, because of the 
salting-out action of saturated sodium chloride solution, and 
secondly, that the actual hydrolysis of the soap itself has not beer 
altered in the process of salting-out. 

The concentrations taken were very low, since for solution 
between 1-5 A and 3-0 A conclusive work had already been carriec 
out (Part I, loc. «’<.). In that work, repeated experiments showa 
that concentrated solutions increase in concentration owing t 
removal of water for the hydration of the curd. 

The results in Tade IV were obtained by experiments cam 
out in sealed silver tubes. The solution of sodium palmitate w 
made up in two ways, namely, in that already recorded and b; 
mixing the requisite quantities of palmitic acid and solution o 
sodium hydroxide. The last six hues of the table refer to solution 
of sodium hydroxide which had been directly standardised again* 
the pure palmitic acid used, to ensure that the alterations o 
concentration of sodium hydroxide were not due to relative!; 
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light inaccuracy in making up the comparatively large amounts 
j sodium palmitate. In all the latter cases, pure ignited sodium 
hloride in solid form was added to the original charge. 

Table IV. 

Sorption of dilute sodium hydroxide by curd fibres of sodium 
almitate salted out at 90° by nearly saturated sodium chloride 
ihition. 

Sorption. 



Weight 

Weight normality 


Mols. of 


of excess 

of NaOH. 

Apparent NaOH per 

Preparation. 

normality 

Before. 


per cent. 

1 mol. of 

of soap. 

After. 

change. 

NaP. 

aP -j- brine + 
scess of NaOH 

1-00 

01163 

(a) 0-1029 * 
(5) 0-1062 

9-5 

0012 


1-045 

01571 

(o) 0-1409 
(5) 0-1428 

9-4 

0-015 


0-99 

0-0993 

(а) 0 08136 

(б) 0-08140 

18-1 

0018 

[p f brine containing 
laOH 

0-9618 

0 0944 

(а) 0-08242 

(б) 0-08180 

13-4 

0-012 


1-00 

0-2006 

(a) 0 0719 

14-3 

0-29 

Standardised HP -j- 
iaOH -j- solid sodium 

100 

0-2081 

(а) 0-1856 

(б) 0-1869 

10-5 

0-022 

hloride 

0-9863 

0-1120 

(a) 0 0820 
(i) 0-0768 

29-0 

0-033 


0-9868 

0-1163 

(а) 0-08275 

(б) 0-08433 

28-2 

0-033 


* (a) — (6) refer to experiments in two separate silver tubes, each deter- 
nined in duplicate. 

| In the last aeries, repeated some months after the first two, the palmitic 
jcid was standardised against the sodium hydroxide employed. 


The results show conclusively that there is a real positive sorption 
sodium hydroxide from dilute solutions. For 0-LV-sodium 
kdroxide this amounts to between 10—29 (weighted mean 22 per 
®t’)> and for 0-2A -sodium hydroxide, 10 — 14 (weighted mean 
1 per cent.). The corresponding empirical formula for the curd 
bres in both cases is NaP,2-lH 2 0,0-022NaOH. 

Although it is improbable that the sorption of sodium hydroxide 
ks not increase at all with concentration, yet the data strongly 
ifate that this is approximately the case. This is iu accordance 
ith results obtained in Part I with concentrated solutions, where 
snounced negative sorption was actually observed, so that the 
■Muiit of water taken up wholly masked the slight amount of 
ted sodium hydroxide. The effect of this would be to bear 
' mat has been emphasised in Parts I and II. The method of 
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negative sorption yields minimum values, which could be increase 
for example, in the case of 3-0A r -sodium hydroxide, by about 0-4 
mol. of water giving a result of, say, NaP,3-6H 2 0 in place of 
NaP,3-2H 2 0. 

In connexion with other work, it is important to note that the 
presence of W/lO-sodium hydroxide has now been proved, not only 
to eliminate hydrolysis completely, but even to render the curl 
fibres very slightly alkaline when salted out with concentrated 
sodium chloride solution. 


Summary. 

The sorption of widely different substances by soap curd has 
been investigated for the first time. 

When 1 mol. of sodium palmitate is treated with brine containing 
about 1000 grams of water, 330 grams of sodium chloride, and 
5—10 grams of the substance under investigation, an appreciable 
fraction ( T V to $) of the following are sorbed by the soap curd; 
acetone, phenol, potassium chromate and iodide, sodium acetate, 
thiosulphate, and hydroxide. 

Sodium sulphate and glycerol are quantitatively left in the lye; 
their apparent presence in soap curd is due only to the enmeshed 
lye. This solves an old and important problem as to the form 
in which glycerol is present in soaps. 

Under the above conditions (salting out with saturated sodium 
chloride solution), in confirmation of previous work from this 
laboratory, the hydration of the solid part of wet soap curd amounts 
to lNaP,2H 2 0. 

Sodium hydroxide is sorbed by curd fibres to an extent probably 
not exceeding about 0-02 equivalents of sodium hydroxide, to 
I equivalent of sodium palmitate. 

In conclusion, I wish to thank the Colston Research Society of 
the University of Bristol and the Chemical Society for grants for 
the purchase of pure materials, which enabled this investigation to 
be carried out, 

Chemical Department, 

Bristol University. [Received, July 30rfi, 1921.] 
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CXC .—The Propagation of Flame in Mixtures of 
Ethylene and Air. 

By William Ronald Chapman. 

' BS “ uniform movement ” of flame, winch occurs when an inflam- 
lable mixture contained in a tube closed at one end is ignited at 
je 0 pen end, affords means of comparison between one inflam - 
, a ble gas and another as regards their general behaviour on burning. 
| e s peed of the uniform movement is dependent on the character 
[ the combustible gas and the composition of the mixture that is 
iflamed, but it is also dependent on the experimental conditions, 
ofably on the diameter of the tube in which the mixture is con- 
lined. When desirous of comparing one mixture with another, 
• a series of mixtures of one inflammable gas and air with that of 
mther inflammable gas, it is essential, therefore, that the records 
| speeds employed should have been obtained under standard 
mditions. 

Records of the speed of the uniform movement of flame in all 
ieir mixtures with air over the range of inflammability are avail- 
ble for most of the common inflammable gases, as determined in 
orizontal glass tubes 2-5 cm. in diameter. Thus, for hydrogen 
:ference can be made to Harvard and Otagarva (T., 1016, 109, 83), 
n methane and acetylene to Mason and Wheeler (T., 1917, 111 , 
044; 1919, 115, 578), and for ethane and the higher paraffins, 
nd for carbon monoxide, to Payrnan (T., 1919, 115, 1440, 1454), 
or ethylene information has not hitherto been available and, 
rice ethylene is an important constituent of coal-gas, it is desirable 
bat it should be. 

The present paper records for ethylene (1) its limits of inflam- 
lability, and (2) the speed of the uniform movement of flame in 
11 its mixtures with air, as determined in a glass tube 2'5 cm. in 
liameter. 

Limits of Inflammability. 

die results obtained are given in the table that follows. With 
ies of larger diameter the limits would, no doubt, be slightly 
ler (in this connexion sec T., 1918, 113, 650). 

Ethylene 

per cent. Remarks. 

rizontal propagation. i ..\ pale blue flame occupied 

Lower limit ;V4 | tlie u PP er P ortio11 of the 

Upper limit [41 lube only. The upper 

I limit flame was tinged 
t with yellow. 
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Ethylene 

per cent. Remarks, 

Vertical propagation, downward. 

Lower limit 3' 6 l’ale blue disc. 

Upper limit 13'7 Pale blue, volant 

flame. UQ5 

Vertical propagation, upward. 

Lower limit 3'3 Blue flare of flame. 

Upper limit 25’6 Smoky, yellow g a 

carbon deposited , r ! 
sides of tube. Q 


Speed of Propagation of Flame. 

The measurements of the speed of the uniform movement are 
most conveniently displayed in diagrammatic form (Fig. 1). ^ 


Fig. 1. 



Ethylene in air. Per cent. 


curve relating speeds with percentages of ethylene is of a form 
similar to that obtained with other hydrocarbons ; that is to say, 
the speed of the flame increases rapidly as the percentage of ethylene 
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increased from that in the lower-limit mixture until a maximum 
nge is reached, after which it decreases. As with each of the 
,r*Sa hydrocarbons under the same conditions of experiment, 
lB speed of the flame at the limits tends towards a value of 20 cm. 


Fig. 2. 



* SK ordi which would therefore appear to be a constant for the 
?drccarbons.* 

liith mixtures of carbon monoxide and air the speed of flame at the 
au (under the same conditions of experiment) is also about 20 cm. per 
, whereas with the lower-limit mixture of hydrogen and air the speed 
8 rotffiall y slow, namely, 10 cm. per second (see T., 1919, 115, 1444). 
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In Fig. 2 the speed-percentage curves for the uniform move® en - 
of flame in mixtures of air with hydrogen, carbon monoxide 
“effective” values and those “observed ” when saturated with watt* 
vapour at ^"and 750 mm.), methane, ethane, acetylene, and ethyl en ' 
respectively, as determined in horizontal glass tubes 2'5 cm j n 
diameter, are plotted to the same scale for comparison. The curve 
for ethylene is intermediate in character between those for niethane 
and acetylene, not only as regards its maximum range, but aU 
in respect of the manner in which it flattens as the upper limit . 
approached. This flattening of the curve towards the upper limit 
is just noticeable with methane (it becomes more pronounced 
tubes of larger diameter than 2’5 era. are employed), i 8 q nitp 
distinct with ethylene, and is very marked with acetylene, where i 
is due to exothermic decomposition of excess of the gas (see I 
1919, 115 , 578). With ethylene, as with the paraffin hydrocarbon 
the flattening of the curve as the excess of combustible gas become 
greater is probably due to the liberation of hydrogen at an inter, 
mediate stage in the combustion of the hydrocarbon. 

The mixture of ethylene and air that contains ethylene and 
oxygen in combining proportions to form carbon dioxide and steam 
contains fl'5 per cent, of ethylene, and this mixture has the maxima 
calorific effect. The maximum speed of uniform movement tf 
flame is, however, obtained with mixtures containing between 
7 and 7'2o per cent, of ethylene. This “ displacement ” of tie 
maximum-speed mixture, which has been observed to a greater 
or less extent with all mixtures of inflammable gases with air, to 
been shown by Payman to be an effect of mass action (T., 1920, 
117 , 48). 

Given data respecting the compositions of the maximum-sped 
mixtures with air of individual combustible gases, and the speed, 
of flame in them, it is possible to calculate the maximum-speed 
mixture, and the speed obtainable, when a composite gas, sued 
as coal-gas, containing the individuals in known proportions, is 
mixed with air. Taking as an example a coal-gas containing, 


per cent. 

Carbon dioxide 2*6 

Ethylene , 3‘0 

Cf* » on monoxide 1 4 - 1 

Hydrogen 46 D 

Methane 1!M) 

Ethane 45 

Nitrogen 9‘9 


the composition of the maximum-speed mixture can be calculated 
by means of the formula 


100 // “ 


1 -If a 




1 

/ 
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are the percentages of the individual 
M,. M. ... ' 
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gases in 


in which c, 

the coal-gas, and M m M b , M c , , . \ the pcentages" ^ 
respective maximum-speed mixtures with air. The result of the 
calculation is 2 2, meaning that the maximum speed of uniform 
movement of flame m a tube 2'5 cm. in diameter is obtained when 
* 2-2 per cent, of the coal-gas is present in the mixture with air 
Ihe value of the speed of flame in this mixture ean be calculated 
from the formula 

g __ hi + m Sm I «s. + 

i + is-f »- f 

in which l, m, n . . are the amounts present of the maximum- 
speed mixture with air of each constituent gas, and 8 t 8 S 
M the speeds of flame in those, mixtures. In the instance given 
the calculated speed (using the “effective” value for carbon 
monoxide) is 210*5 cm. per second. 

So far as calculations for different compositions of coal-gas are 
concerned, a sufficiently close approximation can be obtained bv 
grouping together the paraffins and olefines and treating them as 
though they were methane. Thus, for the sample of coal-gas taken 
as an illustration, the maximum-speed mixture calculated on this 
assumption contains 22-7 per cent, of coal-gas and the speed of 
flame in that mixture is 206*2 cm. per second. 

This research has been extended to include the study of the 
propagation of flame m mixtures of the higher members of the 
oMne senes of hydrocarbons with air. For propylene, for example 
he hunts of inflammability (horizontal propagation of flame) are 
2'G and 74, and the maximum speed of the uniform movement 
mder the same conditions of experiment as for ethylene is 90 cm’ 
per second, obtained with mixtures containing between 4-8 and 
>' per cent, of propylene. The significance of a comparison 

on fc* ha V ndTd° b !r ed f ° r ,?thyl0ne ’ pr0pyIene ’ and butylene 
on the one hand and ethane, propane, and butane on the other will 

be discussed in a future communication. For the present it may 
b , “ entl “ ned that the hi g h(,r olefines correspond more closely to 

oovement of flame in their mixtures with air is concerned. Coal- 

vopXe'and but a 1 dltl0n h ;0 i ethyle,lr ’ apprcciable 'iuantitics of 
'i£(orat n ^ ne ’.'T I" 0 USUal ‘ y rceorded a n a ^es as 
ad olefines when ^ th ° gr0upmg to gether of paraffins 

ould in the ml maklngsut ' h calculations as arc described above 

o ex acuiulol 1 ^ Cauw wn lefis departure 

calculation than appears in the illustration that is given. 
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air. 


Experimental. 

Ethylene was prepared by the dehydration of absolute ethyl 
alcohol by phosphoric acid at 200 — 220° (Newth, T., 1901, 79, !)ojj 
and purified by passing through a condenser cooled by solid carho„ 
dioxide. Explosion analysis gave a ratio C/A of l'OO, showing a 
high degree of purity. The mixtures with air were prepared oy et 
glycerol and water in glass gas-holders and were analysed before 
use. 

The determinations of the limits of inflammability were made in 
a glass tube 2‘5 cm. in diameter and 150 cm. long. The measure, 
ments of speeds of flame were made by the “ Bcreen-wire ’’ method 
described by Wheeler (T., 1914, 105, 2609), a glass tube 2*5 cm, in 
diameter and 300 cm. long being employed. Three screen-wira 
were used 25 cm. apart, the first being 20 cm. from the point of 
ignition. These wires were, supported on platinum leads which 
passed through ground-glass stoppers fitted into tubulures. Ifo 
tube, which had a tap fused on at one end and could be temporarily 
closed at the other end by a ground-glass cover, was exhausted cf 
air before each experiment, filled with the required mixture fro® 
the gas-holder, re-exhausted and filled again. Ignition in the 
majority of the experiments was by means of an electric spark 
at platinum electrodes fused through the walls of the tube 2 cm, 
from the open end ; in the remaining experiments a lighted taper 
was passed across the mouth of the tube. 

The flames were of a pale blue colour tinged with pink. They 
usually travelled at a uniform speed over a distance of about 
90 cm. from the point of ignition ; occasionally, with the fastest 
flames, the “ vibratory movement ” began before the third screen- 
wire was reached (70 cm. from the point of ignition), when tie 
measurements of speed between the first and second screen-wires 
only were recorded. Details of the results are as follow : 


Ethylene 

Spcod in 

per cent. 

cm. per sec. 

3-55 

25-8 

3 60 

29-4 

3-80 

368 

4-00 

41-3 

4-70 

57-9 

5-40 

79-4 

6-10 

108-4 

6-40 

121-6 

6-45 

129-3 

6-50 

129-9 

6-60 

133o 

6-90 

140-2 


Ethylene 

Speed in 

per cent. 

cm. per sec. 

7-20 

142-4 

7-40 

139-7 

7-70 

127-5 

8-10 

120-6 

8-45 

113-7 

8-65 

113-4 

9-00 

89-5 

9-45 

72-6 

10-65 

45-5 

13*35 

23-5 

13-80 

22-3 

14-00 

22-2 
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Jlus work, in which I have been assisted by Mr. C. A. Navlor 
been earned out at the Mines Department Experimental 
Eshmeals, under the direction of Dr. R. V. Wheeler 
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Itation, 


Department op Fuel Technology, 
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'ICl— The Effect of Temperature on Platinum Black 
and other Finely -Divided Metals. 

By Robert Weight and Robert Christie Smith. 

his a freshly-coated platinum plate has been heated to a tem 
r ;ratnIe somewhat above red heat and allowed to cool, the original 
velvet-black surface becomes grey, the extent of the colour lighten 
jng depending on the temperature and the duration of the heating 
This change in platinum black is not attended by any alteration 
in weight and cannot therefore be due to oxidation or to the 
removal of the deposited surface. Moreover, the change does not 
tike place at any definite temperature, as a plate heated in a 
resistance furnace and examined at every 50° began to show the 

' ’ H ? f 7 mCreasin S with of temperature until, 

it 900 , the deposit had become almost white 

* In order to determine whether the heating produced any other 
thange in the platinum black beyond the alteration of colour 
Ereral properties of the metal were examined, measurements 
K made immediately after the deposition of a fresh coat and 
Jo after heating the coated plate to a series of definite temperatures 
he properties which gave most satisfactory results were he 
iecoinposition of hydrogen peroxide hv r 1 j. . 
kriH tli p a Kor\ ® peroxide by the finely- divided metal 

b , ? CapaClty 0f the P‘ ates for Mrogen and oxygen 
Ite^ r e 38 electrod " in a ^4 ceU charg d 
1 theM t HU Cld - THe a,terafi ° n 0f overvoltfge 
lltsl t a dl ‘ Ute add was als ° examined, but no definite 

Sp s on no? 6 ’ r lth °L gh b ° th the an0dic “ d «SE 

Heteplfi’estffff 11 Per ° xid ° Compositions and the 
( coves ? The first 7 P ^ “ e!eetrodes are shown in the set 
sfi r Vr T " ere ° btaiwd " ill ‘ l^tinum, the 

C re tJe t 8 ,aSt With Palladiu “- In ad cases the 

vOLcxif temperatures to which the plates were 

3 m 
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healed, and the ordinates correspond either with cubic centimetre 
of oxygen evolved per minute, or with the time in minutes taken 
for the storage oell, constructed of the given plates in dilute suJ. 
phuric acid, to fall to a potential of 0'4 volt when discharged through 
a fixed external resistance. The full-line curves represent the 
results of the peroxide decompositions, and the dotted curves the 



I. Platinum. II. Platinum free from chlorine. 

HI. Silver. IV. Palladium. 

results for cell capacity. The capacity measurements were satis- 
factory only in the case of platinum, as palladium absorbs an 
excessive quantity of hydrogen, whilst silver unites with the radicle 
of the acid used. 

The first set of curves for platinum was obtained by using plates 
platinised in the oidinary way, that is, by reversing the current 
every half minute during the deposition of the platinum black. 
It was thought that such plates might contain considerable 
quantities of chlorine, so a second set of measurements was carried 
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in which the current was not reversed during the plating 'and 

* cath ° d ®J^ ^ ept 111 a se P arate vessel from the anode, the two 
being connected by means of a syphon. By this method, not only 
isn0 chlorine evolved at the cathode, but also the possible diffusion 
of chlorine from the anode is practically prevented. It will be 
seen from the curves that the catalytic action of the chlorine-free 
plate is not augmented to the same extent by low temperature as 
is the c “ Plate which possibly contained occluded 

chlorine. Further evidence of the presence of chlorine in the 
plate was obtained by plating with reversal of current and then- 
after washing-by heating the plate in a closed vessel through 
*h a current of air was drawn, the air being, afterwards passed 
through a Starch-iodide solution. Under these conditions the 
Starch gave a blue colour, due to the liberation of iodine by the 
chlorine, but when the platinum was deposited free from chlorine 
in the manner indicated, no blue colour was obtained. 

Considering the catalytic action of the metals as shown by the full 
line curves, two points should be noted ; first, the temporary increase 
inactivity which occurs after heating to certain temperatures, and 
secondly, the gradual falhng off in activity as high temperatures 
are reached. The first effect may be explained by the evolution 
of occluded gas, the escape of which would not only increase the 
rong ness of the plates, but also, in some cases, help the catalysis 
by the removal of a catalytic poison. The falling off in catalytic 
power which takes place when high temperatures arc reached 
probably due to a decrease in the specific surface of the deposited 
metal, accompanied by an alteration in the size and numb o 
points at which the liberated oxygen can escape in the form o 
drabbles. The storage capac.ty of the plates when used as electrodes 

bv the Tttd S ° ° ff ’ 3fter hcating ’ in the ma,mer shown 

by the dotted curves in the first two figures. In this case also the 

same explanation will hold good, that is, the decrease in specific 

puriaee produced by heating wall be accompanied by a falling off 

M e ocelot power of the plates for gases, and thereto 

^f herfew When USed aS e!eCtr0des m a stora g B oeU 
I d T t de T SC ° f Spccifi0 surfa< * he accepted, then 

-Setir bl p O t d0tt ' Ct 8UCh T hy application 

odafto-h t P Photomicrographs of the plates, made before 

!££ S T "he lack of contrast 

° f L he PkU ‘ d SUrfae " The plan "'as 
ackground that Photographing a plated wire against a bright 
£ 4 e w £ a -ihooette of the plated wire, las 

id ‘ben Lhn7 heated ■ uaua hy by an electric current, 

rephotographed. Wires of platinum, silver, iron, and 

3 m2 
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copper were examined in this manner; with the exception of 
platinum, the wires were heated in an atmosphere of hydrogen to 
avoid oxidation. Substances of low melting point were not 
investigated owing to the difficulty of judging the temperature 
when heating by the current, that is, in all cases the melting point 
of the wire was considerably above red heat. The results obtained 
are shown in the table. The figures given are proportional to the 
diameters of the plated wires before and after heating, the diameter 
of the unplated wire being taken as unity in each case. In all 
cases a portion of the plating was removed from the freshly-coated 
wire, so that the original diameter was always shown in the photo, 
graphs, thus providing a standard and avoiding errors of focus. 
The results clearly indicate that heating is in all cases followed by 
a decrease of specific surface. Diameter ^ 

Diameter heating to dull 
hpfnrf* beat, inf?. redness. 


Platinum 
Silver .... 
Iron 

Copper . 


1*31 

115 

1 21 

111 

2-00 

1-41 

1*66 

1 36 


Faraday (Phil. Trans., 1857, 147 , 145) observed that a gold 
leaf mounted on glass and heated to about 500° lost its green 
colour when viewed by transmitted light and became transparent, 
the green colour being restored on burnishing. Turner (Proc. % 
Soc., 1908, [A], 81 , 301) repeated the experiment and took photo- 
micrographs of the transparent gold. By this means he showed 
that the film had ceased to he continuous and had gathered itself 
up into a network of gold strands, the effect of burnishing being to 
flatten out the strands again so as to reproduce the original surface. 
Beilby (Proc. Roy. Soc., 1904, 72 , 226), and Chapman and Porter 
(ibid., 1910, [A], 83 , 65) investigated the same phenomenon and 
advanced the view that the effect was produced by the surface 
tension of the metal, which was able to operate owing to the lower 
rigidity produced by heating. Chapman and Porter also showed 
that a freely-suspended leaf merely contracts in area but remains 
continuous on heating, the network effect only being produced when 
the leaf was mounted on jlass. With the thickness of leaf they 
employed, the contraction started at the definite temperature of 340”. 

A different explanation of the observed effects also seems possible. 
A very finely-divided 'metal may have a considerably lower melting 
point than the same substance in bulk, and as a result of this 
incipient melting the smaller particles would attach themselves to 
the larger, which would not only grow, but would also become 
cemented together by the liquid smaller particles, the whole effect 
corresponding with a low-temperature sintering of the finely- 
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divided metal. The increased vapour pressure of a finely-divided 
liquid in the state of mist, where the large drops grow at the expense 
0 l the smaller, and the increased solubility obtained by using a 
substance in a fine state of division, are corresponding phenomena. 
Therefore it may be assumed that fine division alters the melting 
point as well as the vapour pressure and the solubility. Whatever 
the cause may be, there seems little doubt that finely-divided metals 
gjjow a very considerable decrease of specific surface when heated 
to temperatures much below their usual melting points. 

further evidence in support of the theory can be deduced from 
the fact that finely-divided metals, when used as catalysts, are 
always more active when produced by reduction at low tem- 
peratures, the same being true in connexion with the activity of 
the metallic pyrophori made from nickel or iron. In both cases 
the metal produced at a low temperature has a high specific surface, 
which is considerably reduced by the particles melting together at 
higher temperatures. It should be noted that the sintering effect 
may be to some extent prevented if the catalytic metal is mounted 
on a carrier such as asbestos, for under such conditions the metallic 
particles are to a certain extent kept separate from each other. 
It is also interesting to note that, as a rule, surface catalysts are 
substances of very high melting point, and that the optimum 
temperature for any given catalyst is always considerably below 
its melting point. 

Experimental. 

The plates used measured 25 by 35 mm. and were fitted with 
Hires of the same metal welded on to them. The electrolysing 
solutions were chlorides in the case of palladium and platinum, 
cyanide in that of silver, and sulphates in the cases of copper and 
iron. After deposition of the metal, the surface was cleaned by 
using the plates as electrodes in a solution of dilute sulphuric acid ; 
the plates were then washed in distilled water and dried. The 
heating of the plates was carried out in a small resistance furnace, 
tie temperature being noted by means of a thermo-couple. 

The storage cell was filled with A'-sulphuric acid, and the plates 
'ere charged by connecting them with a 2-volt accumulator for 
fteen seconds ; the current was then broken and the cell allowed 
o discharge itself through a voltmeter of 390 ohms resistance and 
.raduated to 1 /100th of a volt. The time required for the cell 
dtage to fall to 0’4 volt was taken as an indication of the storage 
opacity of the plates. 

Before the plates were used for the decomposition of hydrogen 
Peroxide, the platinum and palladium plates were saturated with 
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oxygen, and the silver with hydrogen, by using them as electrodes 
in a cell filled with dilute sulphuric acid. The peroxide used was 
of approximately two-volume strength, and the same solution was 
always employed for any series of measurements, the strength 
being checked from time to time by titration with potassium 
permanganate. Twenty-five c.c. of the solution were placed in a 
wide test-tube, and allowed to stand in a bath until it attained 
a temperature of 18° ; the electrode was then introduced and the 
tube was closed by a rubber stopper connected with a three-way 
tap open to the air. Fifteen seconds after the introduction of the 
electrode, the tap was turned so as to make connexion between the 
test-tube and a Hempel gas-burette. The quantity of oxygen 
evolved per minute was noted, the figure plotted being the mean 
value obtained during the first three minutes. 

The wires used in obtaining the photomicrographs were plated 
in the same way as the plates ; the diameter varied between O’lo 
and 0*3 mm. The platinum wire was merely held between terminals 
fitted into the edge of a slip of wood mounted on the microscope 
stage. A slip of paper was placed beneath the wire and illuminated 
from below so as to form a bright background, against which the 
wire was silhouetted. The heating was carried out by means of 
the electric current, no attempt being made to measure the tem- 
perature, but, judging by the colour of the glow, it always lay 
between 650° and 850°. The copper, silver, and iron wires were 
all mounted — after plating — between two steel wires passed through 
a rubber stopper. During heating, the stopper carrying the wires 
was used to close an inverted bottle, through which a stream of 
purified dry hydrogen was passed, the heated wire being in all cases 
allowed to cool in the atmosphere of hydrogen. After heating, the 
rubber stopper was removed from the bottle, mounted on the stage, 
and the wire photographed. 

Conclusion. 

The metals, silver, copper, iron, platinum, and palladium, when 
deposited electrolytically in a fine state of division, show the 
phenomenon of sintering at temperatures considerably below their 
ordinary melting points. It is thought that this effect may be 
parallel to the abnormal vapour pressure and solubility of finely- 
divided material. The effect probably has considerable influence 
on the optimum temperature of a finely-divided metal when used 
as a catalyst. 

Physical Chemistry Laboratory, 

Glasgow University. [Received, July 5th, 1921.] 
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CXCII . — Physical Chemistry of the Oxides of Lead. 

Part I. The Solubility of Lead Monoxide. 

By Samuel Glasstone. 

’his series of studies was originally undertaken with the object of 
jvestigating the affinity relationships between the various oxides 
f lead by electrochemical and other methods. It was found 
ecessary to investigate the subject of lead monoxide in detail, 
sing to its existence in several coloured modifications. The first 
art of this work, consisting mainly of solubility determinations, 

! now described. 

Red and yellow forms of lead monoxide were prepared by Geuther 
iimlen, 1883, 219, 56) by the action of alkalis on solutions of 
ad salts ; in addition, it was found that a reddish-brown form, 
imilar in colour to commercial litharge, could be prepared from 
hesc reagents. When a boiling 15 per cent, (or more dilute) 
olution of lead acetate is added to a boiling 5 per cent, (or more 
ilute) solution of sodium hydroxide, this reddish-brown form 
j directly precipitated. With potassium hydroxide (compare 
Vinkelblech, Annalen, 1837, 21, 21), provided both solutions are 
wiling, the formation of the reddish-brown oxide is independent 
if the concentration ; the colour, however, becomes more and more 
■ed until, when a 50 — 60 per cent, solution of potassium hydroxide 
s used, it is identical with that of Geutheris red oxide. The red- 
lish-brown form is thus probably the finely divided red modification. 

The relationships between the various forms of lead monoxide 
nay be set out as follows : 



The facts that any form of lead monoxide, when heated with 
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concentrated alkali hydroxide (50 per cent, or more), gives the red 
form, and that all forms on grinding give a brownish-yellow powder 
suggested the possibility of a closer relationship between the forms 
of lead monoxide than that of allotropy, as worked out by R uer 
( Zeitsch . anorg. Chem., 1906, 50, 265). 


Preparation of Forms of Lead Monoxide. 

The products were in each case washed with boiling water by 
decantation to remove the finer particles, then transferred to a 
Buchner funnel, well washed, and finally dried in a vacuum over 
calcium chloride. 

No. 1. Reddish-brown . — A solution of 20 grams of sodium 
hydroxide in 400 c.c. of water was heated to the boiling point and 
treated gradually with a boiling solution of 60 grams of lead acetate 
in 400 c.c. of water. 

No. 2. Yellowish-green .— To a solution of 30 grams of sodium 
hydroxide in 200 c.c. of water at 90° was slowly added a solution 
of 35 grams of lead acetate in 150 c.c. of water. The mixture was 
boiled until all the hydroxide had changed to a heavy, greenish- 
yellow solid, which settled to the bottom of the reaction vessel 
(a porcelain basin). 

No. 3. Red . — 120 Grams of sodium hydroxide dissolved in 
180 c.c. of hot water wore treated with a hot solution of 100 grams 
of lead acetate in 150 c.c. of water. The mixture was boiled for 
about an hour and stirred very frequently, small amounts of water 
being added to make up for the loss by evaporation. The yellow 
solid was completely converted into the red form. 

No. 4. Reddish-brown (prepared by means of potassium hydroxide).— 
The quantities recorded in No. 2 were employed, but potassium 
hydroxide replaced sodium hydroxide, and both solutions were 
boiling while being mixed. 

No. 5. Yellowish-green ( prepared by means of potassium hydroxide). 
— The quantities used were exactly as in No. 4; the solutions, 
however, were mixed at <> temperature below the boiling point 
and then boiled as in No. 2. 

No. 6. Lemon-yellow . — Obtained by heating any of the other 
forms to 700° and allowing to cool (Ruer, loc. cit.). 

No. 7. Pure commercial lead monoxide. — Reddish-brown flakes. 

No. 8. Brownish-yellow powder made by grinding the red form 
No. 3 (compare Geuther, loc. cit.). 

These specimens were all analysed, the lead being estimated 
gravimetrically as the sulphate. The percentage of lead found 



THE OXIDES OF LEAD. PART I. 


1691 


varied from 92 '62 to 92-83 (PbO requires Pb = 92-83 per cent.) ; 
qaces of moisture accounted for the low results. 

Microscopic Examination. 

The red form (No. 3) consisted of the largest particles, mainly 
3 „ to 5/t, which, on being heated to 700° and then cooled (No. 6), 
gave larger, yellow agglomerates (10/a to 20/a) ; the latter easily 
broke down under gentle pressure into particles smaller than those 
of the original red form (0'7/t to l-5/i). Products No. 2 and No. 5 
we re similar to No. 6. The reddish-brown oxides (Nos. 1, 4, 7) 
consisted of particles smaller than those of the red form (1/a to 2/a), 
but of the same order as the finer particles of the yellow forms. 
It is believed that the particles into which the yellow agglomerates 
easily disrupt are also reddish-brown in colour, for the yellow form, 
"hen gently pressed on paper or in the mortar, gives a brown 
ovder. The brown powder obtained by grinding any form of 
jad monoxide consisted almost uniformly of particles 0'7/i in 
jameter. All the specimens may possibly have contained particles 
mailer than 0'7/r which were not visible under the microscope. 
1st such small particles are present is shown by the fact that 
resbly-prepared suspensions of lead monoxide in dilute alkali 
lydroxide solution often cannot be clarified by filtration through 
taper. 

In accordance with the work of Ostwald ( Zeitsch . physikal. Chan., 
.900, 34, 495) and others, we should expect to find differences in 
solubility between the various forms of lead monoxide depending 
in the size of the particles. The red form should have the lowest 
solubility, and the reddish-brown forms higher values. The case 
if the yellow and yellowish-green forms is more uncertain. If the 
sffect of shaking with a solvent is to break up the agglomerates 
(compare Hulett and Allen, J. Amer. Chem. Soc., 1902, 24 , 667), 
these forms should have a solubility almost the same as that of 
the reddish-brown form ; gentle stirring of the solvent over the 
surface of the solid would probably give lower values. 


Solubility Determinations. 

The solvent chosen was a iV-solution of sodium hydroxide (free 
kom carbonate), which was made by decomposing with water 
sodium amalgam that had been prepared by the electrolytic method 
(compare Ming Chow, J. Amer. Chcm. Soc', 1920, 42 , 488). 

wiut 5 grams of lead oxide were shaken, (a) gently, in glass 
vessels tied to the spokes of a wheel which revolved at 24 revs. 
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per minute, and (6) vigorously, in bottles placed in a motor^ 
shaking-machine, with 20 or 30 c.c. of A-sodmm hydiomde fr<* 
from carbonate. After fourteen days, a portion of the clear liquid 
was drawn off without filtration (as filter-paper adsorbs lead m 
alkaline solution to a considerable extent) and the lead estimated 
gravimetricallv as the sulphate. The solubilities of the various 
forms (numbered as above) arc given in Table 1. 

Table I. 

Temperature 20°. 

Qram-mol. of PbO dissolved per litre of N- NaOH. 

Gentle shaking. Vigorous shaking. 

.. , 0-049 0' 054 

No - i 0-048 0-054 

, 0029 0-033 

, i . 0-049 

f 0049 

« 0-047 

- 0 049 

0040 

Solubility of the Reddish-brown and Yellow Forms .— The identical 
solubility of the yellow and reddish-brown forms may be explained 
on the assumption that the yellow agglomerates break down mto 
small particles which are identical with those present m the red- 
dish-brown forms. If these solutions of the reddish-brown and 
yellow forms were kept in contact with the respective oxides, a 
Slow decrease in solubility was noted from 0054 to 0;047 gram-mol. 
per litre, and in some cases to 0-042 gram-mo), per litre. The rate 
of decrease depended on the previous history of the specimen 
(that is, on the amount of very finely divided matter present) and 
on the ratio of solid phase to liquid phase present. In some cases 
a considerable time elapsed before the decrease became manifest, 
but in every case where the yellow or reddish-brown oxides were 
left in contact (without shaking) with A'-sodium hydroxide con- 
taining 0-050 gram-mol. of lead oxide per litre, this decrease was 
eventually noticed. TV equilibrium solubility of these forms is 
evidently lower than Ihe values obtained with shaking; during 
the shake, small particles are being continually rubbed off, ana 
high solubility values are therefore obtained, but when the solution 
is at rest these particles gradually disappear, being redeposite on 
the larger ones, and the solubility value falls. 

In order to determine the equilibrium solubility of the reddis ■ 
brown and yellow forms, shaking must be avoided, so an al ^ an - e 
ment was made by which the liquid could be gently stirre ■ 
the surface of the solid without disturbing the latter. r 
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(torn carbon dioxide and saturated with water vapour to the extent 
0 ; tie vapour pressure of N-sodium hydroxide, was gently bubbled 
through a bottle containing (a) yellow lead monoxide and A-sodium 
hydroxide, and (6) reddish-brown lead monoxide and IV-sodium 
hydroxide. The experiment was carried out at room temperature, 
,hich did not vary very much from 20°. Portions of the clear 
liquor were withdrawn after every three or four days and analysed 
util constant values were obtained. 

In both cases the solubility reached 0'039 gram-mol. of lead 
side per litre, and this may be taken as the solubility of the majority 
if the particles present in the reddish-brown and yellow forms of 
ead monoxide. 

Solubility of the Red Form . — In this ease the solubility showed 
, tendency to increase with keeping, possibly due to the slow 
nlubility of the red form. More definite values should thus be 
ibtained by placing If-sodium hydroxide supersaturated with 
-cspect to the red lead oxide in contact with the solid red form : 
the lead oxide content of the solution should then decrease until 
lie equilibrium value is reached. 

A'-Sodium hydroxide was saturated with lead oxide to the extent 
of 0'048 gram-mol. per litre by shaking with the reddish-brown 
form, and a quantity of the red lead monoxide was placed in this 
solution. The mixture was gently stirred by the air-current 
method, and solubility determinations were made from time to 
time. The final value obtained in this way was 0'035 gram-mol. 
of lead oxide per litre, which is taken as the solubility of the red 
lead oxide in A T -sodium hydroxide. This difference in solubility 
found between the various forms, namely, 0 039 and 0'035, is one 
that is readily accounted for on the grounds of varying size of 
oarticles. We have already seen that the red form of lead monoxide, 
f ground, gives a brown powder with a solubility of 0’040 gram-mol. 
ler litre in A r -sodium hydroxide (Table I). 

Jones (Zeitsch. physikal. Chem., 1913, 82, 448) has developed a 
ionmila connecting the solubility of a finely-divided powder with 
the size of the particles, which resembles that of Ostwald (ibid., 
1900, 34, 495), except that the integer 2 replaces 3. The later 
formula is simplified for the purpose of the subject now under 
discussion in the form : 


RT . s r 2^r 
IT 0g< s„ ~ r P 

»here i{, T have their usual meaning, M is the molecular weight 
the dissolved substance, <r the energy per unit surface of separa- 
tion of solid and solution, p the density of the solid, s, and s, the 
-oncentrations of the solute when spherical particles of radius r, 
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and plane surfaces of the solid are in contact with the solution- 
is the solubility in a normally saturated solution (Hulett and 
Allen, loc. cit.). In the present case, if we assume that in the red 
form the particles are large enough to be considered to have plan e 
surfaces, we can put s„ as equal to 0‘035 gram-mol. per litre 
Specimens of reddish-brown and yellow lead monoxide contain 
particles 0 7 p in diameter, and we will assume that it is these 
particles which give the measured solubility of 0‘039 •gram-mo], 
per litre. By substituting these values for s r and , and putting 
r = 0-35 X 1CT 4 cm., R = 8 31 X 10 7 ergs, M (for lead oxide) 
= 223, p — 9 (approx.), and T = 293° Abs., tve obtain for a, the 
energy located at the surface of discontinuity between lead monoxide 
and A-sodium hydroxide, the value 1860 ergs persq. cm. at 20°. This 
value is of the same order as those calculated for other substances 
by Jones (toe. cit.). The value of <r between lead monoxide and 
water is probably not very different from the value calculated for 
Absodium hydroxide, as the ratio of the solubilities is almost the 
same in both solvents for particles of equal size (see below). 

It may be emphasised here that the explanation of solubilitv 
differences that has been developed, is put forward not only for 
the reddish-brown forms of lead monoxide, but also for the yellow 
and greenish-yellow forms which have been presumed to be poly, 
morphic modifications by previous authors. 


Dissociation Constant of Lead Monoxide as an Acid. 

Berl and Austerweil (Zeitsch. Elektrochem., 1907, 13 , 165) calcu- 
lated the dissociation constant of lead monoxide as a monobasic 
acid, from the values of its solubility in sodium hydroxide solutions 
of varying concentrations. This result is incorrect for two reasons, 
(a) the solubility values used were those obtained after vigorous 
shaking for some hours, and ( b ) the solubility of lead monoxide 
in water as used by these authors is much too high (compare 
Pleissner, Arb. Kaiser. Gesundh.-Amt., 1907, 26 , 384). A series of 
determinations of the solubility of lead monoxide in solutions of 
sodium hydroxide was the* ef ore carried out by the method described 
on page 1693. Solutions of sodium hydroxide (free from carboa 
dioxide) of varying concentrations were shaken with dry lead 
hydroxide in order to obtain solutions supersaturated with respect 
to the monoxide (the small amount of water added in this way was 
regarded as negligible). The clear liquids were drawn off into bottles 
containing the red lead monoxide, which w r ere then placed in a 
thermostat at 25°. The solutions were analysed from time to time, 
until constant values were obtained. 
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In the more concentrated solutions the lead was estimated as 
sulphate. With sodium hydroxide solutions of normality 0-2 or 
less, the lead was precipitated as peroxide by means of bromine 
miter, the precipitate was well washed with boiling water (cold 
w ater tends to give colloidal filtrates), and the lead estimated 
iodometrically. 

Table II. 

All concentrations are expressed in gram-mol. per litre at 25°. 

Concn- °f PbO “ n Sodium Residual 
\V)iI. solution, plumbite. NaOH. Conen. of HPbO,' (c r c 0 ) 

(C| ('ll- («i— =•)- (C-c,+c t ). “ Conen. of OH'" = (C-c,+c 0 )' 

0-9985 0-0349 0-03484 09639 0 0359 

0-4993 0-0195 0-01924 0-4801 00401 

0-1177 0-00506 0-00481 0 1129 0-0425 

0-0499 0 00230 0-00204 0 0479 0-0426 

The solution of lead oxide in sodium hydroxide may be repre- 
sented by the equation 

PbO (solid) + OH' — HPbOj' 

(Borland Austerweil, loc. cit. ; Hantzsch, Zeitsch. anorg. Chem., 
1902, 30 , 305), the equilibrium constant being given by 

k = [HPbO,'l [OH']. 

The concentration of plumbite ion (HPb0 2 ') may be assumed 
equal to the additional solubility of lead monoxide in sodium 
hydroxide solution, over and above that of the ordinary solubility 
in water, multiplied by the degree of ionisation of sodium plumbite 
at each concentration. If c, is the solubility of lead monoxide 
in sodium hydroxide of concentration C, and a the degrees 
of dissociation of plumbite and hydroxide solutions respectively, 
and c # the solubility of lead oxide in water, we have 

[HPbCy] = (Cj - <■<,)*!. 

The total concentration of OH' originally present is given by Ca, 
hut as a certain quantity is used up in forming plumbite, the actual 
concentration is given by (C — Cj -f c 0 )a. Since sodium hydroxide 
and plumbite contain a common ion, they will probably be ionised 
to the same extent in a solution containing both of them. For 
purposes of calculation we will assume that a and a t arc equal, 
an assumption which may not be quite true in the more concentrated 

elutions. We thus obtain the expression, k = ,, ^- l — . 
j . (C — Ci -f- c„) 

n connexion with the solubility in water of lead monoxide, 
1 ere is some uncertainty. Pleissner has shown that determina- 
®ns of solubility by the conductivity method are useless, and only 
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those in which lead has been estimated by chemical methods are 
worth consideration. Berl and Ansterweil ( loc . tit.) found 
solubility of 1-02 x 10~ 3 gram-mol. per litre for lead oxide made 
by heating lead carbonate at 400°. This figure is very much highe, 
than any other to be found in the literature for the solubility 0 f 
lead oxide in water, and is possibly due to exceptional fineness of 
division. Milbauer (Chem. Zeit., 1909, 33, 960) has found that 
the lead oxide prepared from lead carbonate absorbs oxygen in 
the formation of red lead, far more rapidly than any other form of 
the monoxide : this fact confirms the above suggestion. Th e 
value for the solubility of lead oxide used in these calculations was 
obtained as follows. In some work to be published later, th» 
author has found that the ratio of the solubilities of lead hydroxide 
and the red monoxide in sodium hydroxide of the same concen. 
tration is about 1-75 and is almost independent of the concentration 
of the sodium hydroxide. Assuming this ratio to hold in the case 
of water, and using Pleissner’s (loc. cit.) most trustworthy value 
for the solubility of lead hydroxide, 0-45 x 10“ 3 gram-mol. pe r 
litre (at 18°), we arrive at a value of 0-25 x 10" 3 gram-mol. per 
litre for the solubility of the red lead monoxide. This value agrees 
very well with Berl and Austerweil's value for the solubility of lead 
oxide in water at 18°, 0-26 X I0' 3 gram-mol. per litre. Although 
these authors did not use this value, it is probably the most accurate 
available and will be used in these calculations for 25° ; the difference 
of temperature will not cause serious errors. Attention may be 
directed to the fact that Pleissner obtained for the solubility of the 
yellow form a value of 0-30 X I0" 3 gram-mol. per litre ; the ratio 
between this and 0-26 X 10' 3 is not very greatly different from that 
of 39 to 35, the ratio of the solubilities of the red and yellow forms 
of lead oxide in A T -sodium hydroxide. 

Using the values as explained, we arrive at the fifth column of 
Table II for the value of the equilibrium constant k. The first 
value 0-0359 is probably low for the reason that a and iij are not 
equal in the more concentrated solution. The value for the con- 
stant k to be used in these calculations is 0-0425. 

Lead monoxide in soluth .1 may be considered as follows : 

PbO + H 2 0 — Pb(OH) 2 -H'+ HPb0 2 ' 

(Hantzsch, loc. cit.), and the dissociation constant as an acid is 
given by 

R = [H-][HPb<V] A\[HPb0 2 '] K,k 

K [Pb(OH) 2 ] [Pb(OH)j][OH'] ~ [Pb(OH) 2 ] 

where K w , the dissociation constant of water, is 0-81 x 10' 14 at 25°. 
The value of [Pb(OH) 2 ] is taken as equal to the solubility of lead 
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monoxide in water ; substituting this and the known values of 
an di. we obtain = 132 x KT 13 . 

Summary. 

( 1 ) The suggestion is put forward that the yellow forms of lead 
jonoxide are really agglomerates of small particles, which are 
jjjost identical with the finely divided red form. Solubility 
^terminations and microscopic examination confirm this view. 

(2) The energy at the surface of separation of lead monoxide 
0 d A’-sodium hydroxide is calculated as 1860 ergs per s<j. cm. 
it 20°. If wa t er replaces sodium hydroxide solution, the value 
Joes not differ greatly. 

(3) The dissociation constant of the acid H , HPb0 2 , produced by 
lissolving lead oxide in water, is 1-32 x 10" 12 at 25°. 

The author wishes to thank Professor Allmand for suggesting 
his series of investigations, and for criticism and advice given 
throughout the course of this work. 

University of London, 

Kino’s College. [Received, May 9I/i, 1921.] 


CXCIII . — The Mechanism of the Action of Fused 
Alkalis. Part II. The Action of Fused Potassium 
Hydroxide on Phenylglyceric Acid. 

By (the late) Henry Rondel Le Sueur and Cyril 
Christian Wood, 

hs conversion of dihydroxystearic acid (I) into a-hydroxy-a- 
itvlsebacic acid (III) by the action of molten potassium hydroxide 
I Sueur and Withers, T., 1914, 105, 2800) involves the preliminary 
umation of a dihydroxyoctyldecoic acid (II) isomeric with the 
rst-named substance, followed by oxidation : 

C 8 H 17 -CH(0H)-CH(0H)-C 3 H„-C0 2 H (I) -> 
H0-CH 2 -C(C 8 H 17 )(0H)-C,H 14 -C0 2 H (n.) — ► 
C0 2 H-C(C 8 H 17 )(0H)-C 7 H 14 -C0 2 H (Hi.) 

% ®uilar transformations, dihydroxybehenic acid was converted 
ato «-hydroxy-a-octyldodecanedicarboxyhc acid (foe. cit.), and 
* was therefore resolved to ascertain whether phenylglyceric acid 
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(IV), in which the octyl group is replaced by phenyl, and the re. 
raaining unsubstituted aliphatic chain is eliminated, would undergo 
conversion into phenyltartronic acid (V), or products of its decora, 
position : 

C 6 H 5 -CH(0H)-CH(0H)-C0 2 H (IV.) -> 

H0'CH 2 -C(C 6 H s )(0H)-C0 2 H -> C0 2 H-C(C 6 H 5 )(0H)-C0 2 H (V., 

It soon became evident that the change takes an entirely difiEerent 
course, neither phenyltartronic acid, nor degradation products 
thereform such as phenylglycollic acid and benzyl alcohol, being 
obtained. At a temperature approaching 250° approximately 
equivalent amounts of benzoic and oxalic acids were produced, 
whilst under less drastic treatment (160 — 170°) the principal 
aromatic product was toluene, accompanied by an equivalent 
amount of oxalic acid and very much smaller quantities of benzoic, 
formic, and acetic acids ; in each ease 30 — 40 per cent, of tile original 
material was lost. On heating the system at the lower temperature 
under reduced pressure, however, a remarkable alteration in the 
course of the change was effected, the aromatic group appearing as 
whydrobenzoin (VI), accompanied by nearly two molecular pro. 
portions of oxalic acid and a subsidiary' quantity of benzoic acid ; 

C 6 H 5 -CH(0H)'CH(0H)-C0 2 H ,co 2 h c 6 h 5 -ch-oh 

C 6 H 5 'CH(0H)'CH(0H)'C0 2 H C0 2 H C 6 H.-CIH)H 1 

Under the conditions observed, almost all the water was remorsd 
from the system before the temperature had reached 150°, and as 
the visible action does not begin below that stage, it seems highly 
probable that the great divergence from previous experiments must 
be due to this cause. Examination was made for tartaric acid, 
which might have been expected to accompany tsohydrobenzoin. 
but that substance could not be found. 

The formation of toluene would be explained by simultaneous 
reduction and oxidation, recalling that by which benzyl alcohol and 
benzoic acid arise together from benzaldehyde, leading in this case 
to phenylpyruvic acid (VII) as an intermediate stage : 

C 6 H 5 'CH(OH)-CH(OH) ; o 2 h — c 6 h 5 -ch 2 -coco 2 h -»■ 
C 6 H 5 -CHj -f- <C0 2 H) 2 . 

Search was accordingly made for phenylpyruvic acid, but it was 
only when phenylglyceric acid was heater! under reflux during many 
hours with a concentrated solution of potassium hydroxide that a 
small quantity of material giving the characteristic coloration with 
ferric chloride was obtained. 

The profound alterations consequent on varying the conditions 
of the foregoing oxidation emphasise once more the uncertainty of 
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molten potassium hydroxide in its action on organic substances, the 
result of which can be accepted only as corroborative evidence in 
questions of constitution when harmonising with those from sources 
less under suspicion. 


ExPEKI MENTAL. 

A preliminary experiment showed that the action of fused 
potassium hydroxide on phenylglyceric aS5d does not give rise to 
effervescence until a temperature approaching 150° is reached, 
(then the odour of toluene is noticeable; thereafter, at about 180°, 
the action becomes difficult to control, and the pasty mass remaining 
after nine minutes have elapsed in reaching 200° contains potassium 
benzoate and oxalate. More precise conditions were therefore 
defined. 

At a Temperature of 160— 170°.— Ten grams of phenylglyceric 
acid with 50 grams of potassium hydroxide and 20 c.c. of water in a 
retort connected with a condenser were heated during fifty-four 
minutes by a bath of fusible metal at 160 — 170°, action at first being 
very vigorous. Toluene (3 3 grams) passed over in the steam and, 
when isolated, distilled completely at HO— 111° (Found : 0 — 91-3 ; 
H = 8'8. CjH 8 requires C = 91-3 ; H .= 8-7 per cent.). The 
residue in the retort having been dissolved in water, aliquot parts 
of the solution were examined separately and quantitatively for 
benzoic, and for oxalic and formic acids, the amounts estimated 
being 0-68, 34, and 041 gram respectively; the presence of acetic 
acid was demonstrated qualitatively. Hence the toluene and 
oxalic acid were produced in equivalent amounts, and the extent 
of conversion was about 68 per cent. 

.It a Temperature of 240— 250°.— Potassium hydroxide (50 grams) 
and water (20 c.c.) in a nickel crucible were heated by fusible metal, 
uid when the temperature had reached 240—250° phenylglyceric 
acid (10 grams) was added in small quantities with continued 
stirring during twenty minutes, liberation of benzoic acid vapour 
being recognisable. The cold, faintly green product was dissolved 
in 150 c.c. of water and acidified with 68 c.c. of hydrochloric acid, 
when benzoic acid was precipitated ; the quantity, making allow- 
ance for solubility in water, amounted to 4 grams, ami the filtrate 
contained 34 grams of oxalic acid. Thus the acids were produced 
in approximately equivalent amounts, the deficit of benzoic acid 
fog doubtless due to volatilisation during fusion ; the extent of 
conversion was about 60 per cent. 

At 170 180°, under Reduced Pressure. Phenylglyceric acid (5 
grams), potassium hydroxide (25 grains), and water (10 c.c.) were 
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heated in a distilling flask which was evacuated through a con. 
denser. By controlling the temperature of the castor-oil bath at 
170 — 180°, the pressure was maintained during ten minutes at 
25 mm., but this reduction was not reached until almost all the water 
had been removed. The oil which distilled was negligible, and the 
colourless residue in the flask having been extracted with water 
and acidified, isohydrobenzoin (1-9 grams), benzoic acid (0-2 gram), 
and oxalic acid (1-2 grams) were recognised. Thus the quantity 0 f 
isohydrobenzoin indicated a conversion of 65 per cent., but the 
amount of oxalic acid, whilst exceeding one equivalent, fell some- 
what short of that corresponding with two molecular proportions. 

Since benzoic acid and isohydrobenzoin melt at the same tempera, 
ture (121°), identity of the latter substance was established by 
analysis arid by determination of molecular weight in boiling 
acetone (Found: C = 78-60; H = 6-59. M = 213. CyH,^ 
requires C — 78-50; H = 6-54 percent. M = 214). The diacetyl 
derivative melted at 117 — 118 (Found. C = 72-29, H ■= 6-0", 
C 18 H i 8 0 2 requires C = 7248; H _ 6-04 per cent.). 

Chemical Laboratory, 

St. Thomas’s Hospital, S.E.l. 


[Received, September 24 th, 1021,] 
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Chemistry of the Heptane Solution. II. Revision of the 
physical Constants of Heptane. E. Kremers and R. Kremers 
(/, Amer. Phxrnn. Assoc., 1920, 9, 860 — S64). — Fifteen specimens 
of the oleoresin of Firms sabiniana were steam-distilled; the 
average yield was 7-8%. The distillates had d ^ 0-685, except 
Due which was 0-686. The crude heptane was purified by successive 
shaking with concentrated sulphuric acid, fuming sulphuric acid, 
sodium carbonate, and potassium permanganate. The constants 
0 f the purified heptane were n 20 1-3895; b. p. 97-337760 mm.; 
d 20 0-68288 ; 19-8 ergs; [«]„ 0. CiiEMicAr. Abstracts. 

The Labile Nature of the Halogen Atoms in Substituted 
Nitromethanes. Alexander Killen Macbeth and David 
Doig Pratt (T., 1921, 119, 1356-1361). 

Ethyl Hydrogen Sulphate. Horace Bakbatt Dunmcuee 
and Gerald Snowden Butler (T., 1921, 119, 1384—1392). 

Ultrafiltration of Lecithin Sols. H. Uectiholli and S. M. 
Neuschloss (Kolloid Zeilsek., 1921, 29, 81 -89).— The filtration 
of lecithin sols by ultra-filters under varying conditions has been 
investigated with the object of ascertaining the nature of lecithin 
emulsions. It is shown that a lecithin sol contains particles of 
very different sizes, and of these only the largest give rise to a 
turbidity which is recognisable by nephelometric methods. The 
quantity of the sol in a 1% solution recognisable by the nephelo- 
meter is 4% of the total amount. A portion of the lecithin is 
adsorbed by the filter when aqueous solutions arc subjected to 
ultra-filtration ; the quantity adsorbed becomes greater the greater 
the density of the filter, the slightly disperse lecithin particles 
arc more strongly adsorbed than the highly disperse particles. 
In the ultrafiltration of lecithin emulsions the quantity of material 
"hich passes through the filter depends on the pressure under 
which filtration takes place, hence in the same filter by merely 
varying the pressure from 90 grams/cm. 2 to 2000 grains/em. 2 it is 
Mssible to vary the filtrate from practically pure water to a solu- 
aon which contains practically the whole of the lecithin. From 
-his it is deduced that the surface tension at the interface watcr- 
“™ n * exceedingly small. The value has been calculated as 
» than 16 C.G.S. units. ' j. p. g. 

The Quantitative Separation of the Lead Salts of the 
wurated from the Less Unsaturated Fatty Acids. Armin 
isibenberc (J. Amer. Chan. Sac.., 1921, 43. 1323— 1330).— The 
,i . , , ™ c ac ids are dissolved in a mixture of the three solvents, 

0 , chloroform, and ethyl ether, and the two latter more 

f0L ‘ cxx - >• , 1 , 1 . 
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volatile and powerful solvents are evaporated off until all the 
more insoluble salts are precipitated . This process was found to 
E iv e sharper and more easily controlled separations than the methods 
commonly used. By its use practically a complete remova of all 
the salts of the saturated acids can be obtained from their solutions 
and from the solvent used in washing the precipitate Within 
wide limits, the results are independent of the amounts of the fatty 

aC JYom oils or fats containing the more unsaturated acids it was 
not possible to obtain the saturated fatty acids m an approximately 
pure state by either the fractionation method or the lead salt-ether 
method On the other hand, when only the less unsaturated acids, 
such as oleic acid, are present, the saturated fatty acids as isolated 
were found to have practically no iodine number and to be readily 
soluble in light petroleum. vv - G - 


Configuration of oa'-Dibromo-dibasic Acids. I. The D|. 
bromoadipic Acids. Synthesis and Resolution of tr«, ls . 
CdoFentane-1 : 2 : 3 -trioarboxylic Acid Wili.iam Hkkv 
Perkin, jun., and Brio Robinson (1., 19-1. “9, 13J- 1399). 

The Mechanism of the Oxidation of Drying Oils as Eluci- 
dated bv a Study of the True Oxygen Absorption. II. 
Linolenlc and Linolic Acids. Samuel Coffey (T„ 1921, 119, 
1408—1415). 


Preparation of a Petrol from a Vegetable Oil. Alphonse 
Mailer (Com pi. rond., 1921, 173, 358 3, >9). When linseed oil is 
passed over a mixture of electrolytic copper and magnesium oxide 
Is a catalyst at 550-650’ and the product hydrogenated over 
reduced nickel, a mixture of aromatic and cyclic hydrocarbons is 
obtained. Benzene, toluene, xylene, cyclohexane, and methylci/A 
hexane were identified. G - 


Production of Acetaldehyde from Acetylene. Socifcrf 

AnonTme he Pkoduits Chimiqces (Etablissements MAT.tfritl) 
(Brit. Pat. 140784).— In the preparation of acetaldehyde from 
acetylene, with an acid mercuric sulphate solution as catalyst, 
the process is rendered practically continuous by the periodic 
addition of ferric oxide to the bath. For example, 9-26 hlos.ot 
mercury are triturated v.th 7-4 kilos, of ferric oxide and iO *i os. 
of concentrated sulphuric acid: 191 kilos, of water are added, ana 
the mixture is heated to 70—83°, preferably about 80°. Acetylene 
is admitted to the catalytic liquid thus prepared, and water is 
added from time to time equivalent to the amount of acetaldehyde 
produced, so that the concentration of the sulphuric acid is main- 
tained at 30—33% of the total catalytic liquid. After 280 kilos, 
of acetaldehyde have been obtained, a further 7-4 kilos, ot tern 
oxide and 13-34 kilos, of sulphuric acid are added and the operation 
may be repeated to an almost unlimited extent. In practice, at er 
about ten operations, it is desirable to decant the liquid from 
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small quantity of tarry matter formed. It in essential that the 
acetylene be purified before use, particularly from hydrogen 
phosphide. G. F. M. 

Structure of Cellobiose. M. Bergmans ( Naturwiss 1021 
9 , 308 — 309 ; from Chem. Zenlr., 1921, iii, 214; cf. this Vol., i’ 
J 07 ). — Cellobial, which is structurally identical with glucal, has 
a the reducing half of the molecule a double linking between carbon 
items 1 and 2 and an “oxygen bridge ’ 1 between 1 and 4 ; the 
lydroxyl group in position 3 is not substituted. Since the carbon 
itoin 6 does not take part in the formation of a disaccharide, and 
lince in the formation of cellobial from cellobiose displacement of 
he glucosidic attachment does not occur, the formula for cellobiose 
mist ba OH-CHa'CHfO-CjirjjOJ-CH-CHlOHj-CHtOHI-CH-OH. 

' 0 _ ...J 

G. W. It. 

Constitution of Starch and Glycogen. P. Karkek (Xalur- 
im, 1921, 9, 309 — 403; from Chan. Zehlr., 1921, iii, 214; cf. this 
rol., i, 310 — 313).- — A summary of earlier work. By acid hydrolysis 
i hopt&methyl lnethylccllosidc, Idramdhylylv.cosc (I), and trimethyl 
fume (II), are obtained, 

i 0 ^ 1 

(I.) OMc-CH 2 -CH(OMe)-CH'CII(OJle)-CH(OMe)-CH‘OH 

i 0 ■■ , 

(TI.) OMe-CH 2 -CH(OH)'CH-CH(O.Me)-t'H(OMc)-(:H-OH, 

whereby the formula for cellobiose must be (III), 

i O , 

(HI.) OH-CHj'CHJOHX'H-CHiOID-CiHOHj’k'H 

Q () 

OH'CIH'H(OH)-CH(OH)-CH-CH-CH 2 -OH 

The analogies in the behaviour of starch and x-amyloso extend to 
their reactions with alkaline-earth hydroxides. tt-Odamylose 
gives a precipitate with barium hydroxide solution. A similar 
compound is obtained with x-tetra-amylo.se and may be precipitated 
by addition of a little ethyl alcohol, x-leiraniylosc by distillation 
in a vacuum gives a good yield of latroglttcomu. The formula for 
starch should be 

r O ; 

/ OH-CH 2 -CH(OHK’H-CH(OH)-CH(OH)-yH \ 

( i O , 9 ). 

\ CH '011(01 1 )-OH(OH)-( 'H-OH-OH, J * 

1 O - - 1 - 

Thc position of the anhydride bridge is undetermined. 

G. W. R. 

Colloids. XI. Electro-disintegration of Starch 

M. Samec and Anka Mayer (KoU. Chem. Beihefte, 
‘ >13, 272—288; cf. this vol., i, 400). — By electro-disintegration 

dd 2 
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of starch solutions, a retrograded solution of amyloses was obtained 
This solution yields a blue coloration with iodine (amyloi 
amylosc), has + 189°, and a mean molecular weight of 
about 80,000. This fraction constitutes 17% of the starch sub- 
stance; it is electro-neutral and corresponds with Maquenne’s 
amylose. The amylopectin which has thus been separated from 
the amylo-amyloses yields a reddish-violet colour with iodine. f n 
2% solution, it has an electrical conductivity 8-3 X 10~ 5 and a 
hydrogen-ion concentration 2-4 X 10 4 iV. It has a mean molecular 
weight of 113,000. By heating amylopectin with water in neutral 
solution under pressure, non-retrograded erythroamyloses arc 
formed. These give a wine-red coloration with iodine, have 
a D + 193—196°, and a mean molecular weight of about 130,000- 
140,000. In solution with its own acid reaction, amylopectin 
is not only hydrolysed but also disaggregated and yields within 
six hours 80% of dialysable products. The colloidal residue from 
this has a mean molecular weight of 57,000, but the iodine 
coloration and the optical rotation are the same as those of the 
erythroamyloses above. The presence of erythroamyloses in solu- 
tion is substantiated colorimetrically. From the change in the 
iodine coloration with increasing addition of iodine the quantity 
relationship of the iodinc-amyloamylosc complex is deduced as 
{(.' G 14 1 p(> 5 )^l ■ The erythroamyloses appear to take up a larger 
quantity of iodine. The name " soluble starch ” for the erythro- 
amyloses is justified. The “ elementary molecule ” of starch may 
possibly have a molecular weight below 2000. J. F. S. 

Constitution of “Iodide of Starch.” A. Lottkrmosir 
(Zeitsc.h. angzw. Chan., 1921, 34, 427 — 428). — From the results of 
electric potential and other physical measurements, the author 
concludes that the supposition of Biltz and others that the so-called 
“ iodide of starch ” is an adsorption compound of starch and 
molecular iodine is justified. Neither iodion nor potassium iodide 
is adsorbed by starch to any appreciable extent, but experiments 
indicated that in N/100 or less potassium iodide solutions there 
is a noticeable adsorption of tri-iodion. In IV/ 10- or iV/o-solutions, 
this is, however, so small as to be negligible. In general, the results 
confirmed the statement of Mylins that- for the formation of the 
blue colour the presence of iodion is necessary, since it participates, 
if only very temporarily, in the adsorption. G. F. M. 

Wood Cellulose. Emi. Heuser and E. Boedeker ( Zeilsch . 
angew. Chern., 1921, 34, 461 — 404). — Contrary to the views of Cross 
and Bevan and others, the authors suggest the hypothesis that all 
plant cellulose, from whatever source derived, is a chemical individual, 
and that- there is only one variety of cellulose, namely, that expressed 
by the formula (C 6 H 10 O 5 )„. It has already been shown (Heuser 
and Haug, Zeitsc.h. angeic. Chem., 1918, 31, 99) that purified straw 
cellulose is identical with cotton cellulose and the identity of v r ood 
cellulose, suitably purified from pentosans, etc., with the latter is 
now demonstrated. A bleached wood cellulose was freed from 
resin and fat by extraction with a mixture of benzene and alcohol, 
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and was then extracted three times with boiling fi% sodium hydr- 
oxide (or alternatively with cold 17% sodium hydroxide) whereby 
the pentosan content was reduced from 4-00% to 1-8 — 1-92%. 
At the same time both the ash and the copper number were reduced, 
the latter from 4-07 to 0-8— 0-9. The pentosan remains therefore 
the only appreciable impurity, and by sufficiently repeated alkali 
extraction this can be eliminated to such an extent that on dis- 
tillation with 12% hydrochloric acid by Tollens and Krober’s 
method no furfuraldehyde is obtained, although of course there is 
considerable loss in cellulose by this treatment. The hydrolysis of 
the wood cellulose purified as above by triple alkali extraction was 
compared with that of cotton cellulose, dextrose being estimated 
periodically both by copper reduction and polari metrically. The 
hydrolysis was carried out in cold concentrated hydrochloric acid 
by Willstatter and Zechmcistcr’s method. In each case the maxi- 
mum glucose reading was reached in 16-o hours, and about 97-5% 
was obtained, showing that the course of the hydrolysis was with 
both cellulose preparations identical. Further, from the wood 
cellulose hydrolysis 94-2% of pure dextrose was actually isolated 
and identified by its osazone. G. F. M. 

Nature of the Swelling Process. II. K. Knokvenaoel and 
Robert Motz (Roll. Chem. Beihe.jle, 1921, 13, 233 — 241; of. this 
yol . , i, 402). — Partition experiments between swollen cellulose 
acetate hydrogel and aqueous solutions of aniline, phenol, methyl 
tartrate, and ethyl tartrate of small concentrations have been 
carried out at 18° and 30 — 33°, both acetone-soluble and chloro- 
form-soluble cellulose acetate being used in the experiments. It 
is shown that a partition occurs after twenty-four hours in keeping 
with Henry’s law. The establishment of such an equilibrium points 
to the occurrence of a process of solution in both phases; that is, 
no adsorption takes place in the swollen cellulose acetate. Special 
experiments in the case of ethyl tartrate show that unswollen 
cellulose acetate does not remove any of the ester from its aqueous 
solution in short periods of time, exactly in the same way as it 
was previously shown ( loc . cil.) that, unswollen cellulose acetate in 
aqueous solutions of dyes remains completely uncoloured. That 
is, only after months or years does unswollen cellulose acetate come 
into equilibrium with the, dye solution, whilst swollen cellulose 
acetate, under similar conditions, and according to the extent of 
the swelling, attains an equilibrium with the dye solution in a few 
minutes or hours and is dyed in full colours. J. F. S. 

Nature of the Swelling Process. III. E. Kxoevesagel 
and Albert Bregenzer {Roll. Chem. iicihtftc, 1921, 13. 242— 
“61 ; of. preceding abstract). — The swelling of various kinds of 
cellulose acetate in binary mixtures of alcohol with benzene, nitro- 
benzene, and carbon tetrachloride respectively has been measured 

ordinary temperatures, as well as the surface tension of all four 
solvents, and the binary mixtures named above. The degree of 
welling of cellulose acetate in the four simple solvents decreases 
111 toe order: nitrobenzene, benzene, alcohol, carbon tetrachloride. 
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so that of these only nitrobenzene can be regarded as a strong 
swelling medium for cellulose acetate; carbon tetrachloride acts 
very slightly in this respect. The surface tension of the four solvents 
falls in the order : nitrobenzene, benzene, carbon tetrachloride, 
alcohol. In the binary mixtures, the alcohol lowers the capillarity 
of the other constituent. The amount of lowering of the capillarity 
is greatest for the first addition of the second constituent and is 
greater the greater the difference between the surface tension of 
alcohol and that of the second constituent. A qualitative relation- 
ship between the lowering of the surface tension and the degree 
of swelling in the binary mixtures has been established. The 
stronger the capillary action of the alcohol, the more does the 
degree of swelling increase. The action of the alcohol, however, is 
in opposition to the swelling action of the other component ; eonse. 
quently there exists for each binary mixture a composition which 
gives an optimum swelling effect. J. F. S. 

Nature of the Swelling Process. IV. Swelling and 
Internal Friction in the System Cellulose Acetate-Nitro- 
benzene-Alcohol. E. Ksoevenagel and Albert Bregenzek 
(Roll. Chan. Beihefle , 1921, 13, 202—271 ; cf. preceding abstracts.)- 
The viscosity of solutions of various concentrations of cellulose 
acetate in mixtures of nitrobenzene and ethyl alcohol containing 
90, 70, and 50 vol.% respectively of the former substance has been 
measured at 25°; the specific gravity of all the solutions has also 
been determined. It i% shown that the viscosity curve for the 
weaker swelling liquid always lies below that of the stronger swelling 
liquid. The ratio of the viscosities of any two equally concentrated 
cellulose acetate solutions in different mixtures of nitrobenzene and 
alcohol is constant for ail concentrations of cellulose acetate. The 
viscosity of a given binary mixture increases with increasing cellulose 
acetate concentration, and is approximately proportional to the 
logarithm of the internal friction. J. F. S. 

Cellulose. IV. Depolymerisation of Ethylcellulose. Kurt 
Hess, Walter Wittelsrach, and Ernst Messmeii (Zcilsch. anyac. 
Cham., 1921, 34, 449—454; see this vol., i, 401).— Trustworthy 
conclusions as to the constitution of cellulose front the products of 
the aeetolysis of alkylated celluloses can only be drawn when 
alkylation has been conducted in such a way as to exclude the 
probability of the disruption of glucoside or cther-liko linkings. 
Under these conditions, tl„ limit of alkylation is reached when two 
ethyl groups per C G H ](| 0. have been taken up. The resulting 
diethylcellulose is an individual substance and when subjected to 
aeetolysis depolymerisation occurs with the absorption of one acetyl 
group for each C 6 H 8 0 3 (OEt) 2 , and without the generation of a 
free aldehyde, group, the acetylated product is easily hydrolysed 
by methyl alcoholic ammonia and gives a product of the same 
empirical composition as the original material and with a molecular 
weight in dilute solution of 800 — 900, rapidly increasing with 
increasing concentration owing to association. This substance 
therefore contains at most four hexose residues, and since free 
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aldehyde groups are absent it must be. assumed that these structural 
units are held together in the original cellulose molecule by some 
other means than a “ glueoside ’’ linking. Although approximately 
identical molecular weights were found for different preparations 
of the substance, differences in optical rotation and melting point 
exclude the possibility of their absolute identity, and indicate that 
the depolymerisation is accompanied by isomerisation. Further 
acetolysis results in the formation of ethylated acetyl-hexoses which 
0 n hydrolysis give a syrup which appeared to be mainly a mixture 
of triethyl- and diethyl-glucose, the latter preponderating, although 
only the former has yet been isolated in crystalline form. The 
presence or otherwise of other ethylated glucoses in the syrup and 
its actual percentage composition are still to be determined, hut the 
results so far do not show complete agreement with those of either 
Denham and Woodhouse (T., 1021, 119, 77) or Irvine (T., 1920 
117,1189). G. F. M. 

Are Hydrocelluloses Simple Substances? H. Ost and 

R. Bbetschn eider {Zciisch. angew. Chem., 1921, 34, 422 — 123). 
—From evidence obtained by a comparative examination o£ 
hydrocellulose, made by Girard’s method, and cellulose, purified 
as for nitration purposes, before and after digestion with boiling 
lime-water containing 0-5— 1-0% of calcium oxide, the authors 
draw the conclusion that hydrocelluloses are simple substances and 
are not mixtures of cellulose and cellulose dextrin* as suggested by 
Hauser and Herzfcld, and by Schwalbe and Becker (cf. A 1915 
i, 1)11; 1920, i, 474). 

The hydroccllulosc and cellulose contained 0-21— 0-31% and 
0'3()% of ash, and 3-17 — 3-94°,', and 3-351% of moisture respectively, 
and during their digestion in boiling lime-water for twelve, hours 
244% of hydroccllulosc and 15-8% of cellulose dissolved. At the 
same time, the ‘"copper numbers” of the hydrocellulose and 
cellulose changed from 6-09 to util and 2-115 to 0-151, and the 
" cellulose numbers ” from 0-14 to 0-29 and u-30 to 0-30 respectively. 

Although the “copper” and ''cellulose” numbers ot the final 
residues from hydroccllulosc and cellulose are similar, the hydro- 
wllulose residue is essentially different from cellulose and is similar 
to the original hydroccllulosc. This is shown by the viscosity of 
its solution in cuprammonium hydroxide solution and the solubility 
™ ft* acetate (acetylation is carried out by means of acetic acid, 
acetic anhydride, and zinc chloride as catalyst) in acetone. [See, 
further, J. Soc. Chem. ltd., 1921, 634a.] A. J. H. 


Pseudo-bases, III. Dialkylaminomethyl Alkyl Ethers and 
upludes. Charles Maxwell McLeod and Gertrude Maud 
kOBBsox (T., 1921, 119, 1470-1476). 

erivatives of some Amino-acids. L. Huc.ouxexq and 

tion f th CK t ' Bl ' lL Soc - Chim - Iiio1 • 283— 283).— A dcscrip- 

0 the action of chromium hydroxide on aijucous solutions 
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of some amino-acids, and of the preparation of double salts by the 
action of calcium hydroxide on the hydrochlorides of aspartic acid 
and glycine. C. R. R 

The Constitution of the Nitroprussides. II. Alkylation 
of Nitroprussic Acid. Georof. Joseph Burrows and Eustace 
Ebenezer Turner (T., 1921, 119, 1450 — 1452). 

Manufacture of Hydrocarbons [Naphthenes]. Charles 
Weizmann and David Alliston Lego (Brit. Pat. 165452).— i 
mixture of naphthenes is obtained by polymerising by means of 
aluminium chloride the mixture of butylenes obtained by the 
dehydration of re-butyl alcohol. In carrying out the process the 
vapour of re-butyl alcohol is passed at atmospheric pressure through 
a tube containing pumice coated with aluminium oxide heated at 
250 — 320°, when a mixture of fl- and n- butylene is formed containing 
about 80% of the former. At higher temperatures, for example, 
360 — 390°, the product is practically all (3-but.ylene, and the yield 
nearly theoretical. The liquefied butylene is then treated with 
anhydrous aluminium chloride in the proportion of 28 grams of the 
former to 0-3 gram of the latter and the temperature is kept below 
— 10°. If an autoclave is used a temperature as high as 15° j s 
admissible. Polymerisation is complete in about two hours and 
a practically quantitative yield of naphthenes is obtained, distilling 
as follows : 8 grams at 260 — 290°/17 mm., 13 grams at 270—350°/ 
17 mm., and 5 grams above 350°/ 17 mm. G. F. M. 

Nitration of Toluene. M. Guta (Gnzzella, 1921, 51, ii, 113 — 
115). — The author expresses agreement with Drew's statement 
(T., 1920, 117, 1615; cf. also Brady and Taylor, T., 1920, 117, 876) 
that the compound, m. p. 79-0°, isolated from the oily residues 
obtained in the purification of 2:4: 6- trinitrotoluene is nut the 
2:3: (5-compound, as supposed by Molinari and Giua (A., 1915, i, 
790), but an additive compound of 2:3:4- and 3:4: 6-trinitro- 
toluenes. 

Doubt is cast on Drew's statement (/or. cit.) that 2:3: 6-tri- 
nitrotoluenc is formed when toluene is nitrated directly. Drew 
isolated this compound by treating the mixed products with hydr- 
azine hydrate; which reacts with the 2 : 3 : 4- and 3:4: 6-compounds, 
but leaves the 2:3: C-eompound unaltered. The author finds, 
however, that the 2:3: 6-eompound should be easily attacked hy 
hydrazine hydrate under tiv conditions employed by Drew, so that, 
the latter's so-called 2:3: 6-compound is probably the 2 : 3 :.4- 
compound, these two having the same melting point. 

[The author gives Drew's name throughout this paper as Barry.] 

T. H. P. 

Reduction of Trinitroluene. Elias "Bielouss (Brit. Pat. 
1C6934; addition to 137529). — The process of reducing trinitro- 
toluene to triaminotoluene by means of iron and hydrochloric 
acid, as described in the earlier patent, is improved by using 
only a small quantity of hydrochloric acid as in the technical 
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icduction of nitrobenzene. The iron compounds are thus obtained 
^ a sludge which can be removed by filtration from the 
(riaininotoluene solution. In the example given, the quantities 
suggested are 230 kilos, of trinitrotoluene, 700 kilos, of iron turn- 
ing'. 800 litres of water, and 20 litres of 35% hydrochloric acid, 
the reaction mixture being maintained at 60 — 80°. Triamino- 
toluene serves as a dye for cotton, silk, and wool, as a photographic 
developer, and as an intermediate. G. F. M. 

9 : 10-Dihydrophenantlirene. Herbert Henstock (T., 1921, 
119, 1461-1463). 

Influence of Substituents on Reactions. VI. Nitration of 
Substituted Acetanilides. Hartwig Franzes' and Erwin 
Excel ( J . pr. Che.m., 1921, 102, 156 — 186). — The nitration of 
acetanilide and its o-methyl-, o-chloro-, o-bromo-, o-etlioxy-, and 
m-chloro-derivatives has been investigated. In general, the finely- 
divided acetanilide (33-75 grams) is gradually added to a well- 
stirred mixture of fuming nitric acid (d 1-505, 65 c.c.) and glacial 
icetic acid (35 c.c.) which is cooled in a freezing mixture, the rate 
if addition being so regulated that the temperature does not exceed 
)". The product is allowed to remain in the cooling mixture during 
welve hours so that it gradually attains the atmospheric tempera- 
ture; it is then poured into water (350 c.c.) and the precipitate is 
sollectcd and dried. Under these conditions, nitration is complete 
Except in the cases of o-bromo- and m-chloro-acetanilide, for which 
reaction must be continued during twenty-four hours. In certain 
cases, the method of Witt and Utcrmann (A., 1907, i, 27), which 
involves the use of nitric acid, glacial acetic acid, and acetic an- 
hydride, has also been employed. In this manner, the nitrated 
anilide is not quantitatively precipitated, hut the losses are shown 
to be distributed in general uniformly over the various isomerides. 
The quantitative separation of the o- and p-isomerides is effected 
by the Witt-Utermann method ( loc . cit.), the necessary corrections 
being worked out experimentally for the individual cases. 

The authors are led to the following conclusions. The intro- 
duction of methyl, chlorine, or bromine in position 2 and of chlorine 
in position 3 of acetanilide increases the ease of replacement of 
the hydrogen atom in position 6 by nitric acid and diminishes that 
ot the hydrogen atom in position 4 ; in this respect, bromine has 
iless marked action than chlorine or methyl, which have approxim- 
ately the same effect. The introduction of the ethoxy-group in the 
- position of acetanilide so greatly diminishes the reactivity of the 
hydrogen atom in position 6 towards nitric acid that the o-nitro- 
wrivative is not produced; the replaccability of hydrogen atom 4 
is likewise diminished^ whilst that of atom 3 is very markedly 
fflfreased. The addition of ammonium nitrate to the nitrating 
fixture of nitric acid and glacial acetic acid causes an alteration 
Whe relative, amounts of the isomerides produced. In the nitration 
0[ wtanilides with nitric and acetic acids and acetic anhydride 
compared with the action in the absence of the latter, a displace- 

dd* 
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ment of the relative quantities of the isomerides is observed of such 
a kind that the directive action of the acetylamino-group is more 
pronounced. 

The following compounds have not been described previously ; 
2-chlwo-6-nilroacelanilide, yellow needles, m. p. 130 132 ; a. 
chloro-6-nilroaiiiline, yellow needles, m . p. id j 2-bromo-Q-nitro. 
acetanilide , yellow needles, m. p. 100°. II. W, 

The Method of Witt and Utermann for the Separation of 
o- and n-Nitroacetanilides . Hartwio Fkanzen and Frit?. 
Helwert (J. pr. Chan,, 1021, 102, 187— 193).— Witt and Utermann 
(A., 1907, i, 27) have described a process for the separation of 
o- and p-nitroacetanilides which depends on the solubility of the 
former and the insolubility of the latter in a mixture of potassium 
hydroxide solution (.70%, 1 vol.), water (4 vols.), and alcohol 
(1 vol.) at 0°. The applicability of the method to other nitro- 
acetanilides has now been investigated. All the o-nitroacetanilides 
dissolve in the mixture with greater or less readiness; on the 
other hand, certain para-derivatives are very appreciably soluble. 
In general, it is shown that m-nitroacetanilidea can be separated 
in this manner from the ortho-derivatives, but this case is likelv 
to be encountered seldom in practice. In the majority of instances, 
n-nitroacetanilides can be separated from the corresponding ortho- 
compounds ; exceptions arc, however, to be expected with the halo- 
genated o-nitroacetanilides. Iti the naphl halcnc series, the separation 
of 2- and 4-nitroacetonaphthalidcs is improbable, but 1-nitro- pl- 
acet onapht halide should be separable from the other nitro-js- 
acctonaphthalides. A further limitation to the applicability of 
the method is probably imposed by the sparing solubility of certain 
o-nitroacetylamino-compounds in the solution. 

The volume of the mixture necessary for the solution of one gram 
of the various anilides at 0° is shown by the figures in parenthesis: 
o-nitroacetanilide (20), G-nitro-o-acetotoluidide (40), 2-nitro-g- 
acetotoluidide (83), l-nit,ro-(i-acetonaphthalidc (52), 2-nitro-i-aceto- 
naphthaiide (150), 4-nitro-x-acetonaphthalide (312). In certain 
cases, at any rate, it is possible to replace potassium hydroxide by 
sodium hydroxide, but not by ammonia, H. W. 

Amines. IX. Alkylation of Aromatic Amines by Heating 
with Aliphatic Alcohols. Arthur J. Hill and Johv J. 
Dosleavy [J. hid. Eng. Chem.., 1921, 13 , 504 — 509; see A., 1920, 
i, 671).— The formation of tertiary bases by heating isomeric tolu- 
idincs with ethyl alcohol or n-butyl alcohol was investigated and 
found to be promoted by certain catalysts (cupric chloride, sodium 
bromide, and calcium chloride) and by the use of a large excess of 
the alcohol. The mixtures were heated at 175° to 180° for eight 
hours. The yields varied from 50% in tie case of di-n-butyl-o- 
toluidine to 90% for diethyl-p-toluieline ; o-toluidine was the least 
reactive of the isomerides. Two new amines were prepared by the 
method, di-n-butyl-o-loluidinc, b. p. 256 — 258°/755 mm., and de 
n-butyl-w-toluidine, b. p. 278 — 280°/755 mm. W. P. 8. 
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Preparation of Dibenzylaniline-4 : 4-disulphonic Acid and 
gtbylbenzylaniline-4 -sulphonic Acid. Society of Chemical 
Industry in Basle (Swiss Pats. 87882 and 87883 ; from Chem. 
ja,tr 1921, iv, 259). — Itibenzylaniline-i : i'-disulphonic acid, 
NPh(CH 2 -C 6 H 4 -S0 3 H) 2 , 

is prepared by tbe condensation of two molecules of sodium t.i-i'hlnro- 
jjuniyl-p-sulphonate with one molecule of aniline in aqueous solution. 
fyiizylethylaniline-i'-imlphimic acid, N t'll’li-Cli./l 11 4 -S( ) ;! H , is 
similarly prepared by condensation of sodium w-chlorobenzyl-p- 
snlphonate with monoethylanilinc. G. W. E. 

phototropy. Patrick Gallagher (Bull. Soc. chirn., 1021, 
pi 29, 683 — 696). — From a study of a number of salieylidene- 
jmines the author was not able to trace any direct relationship 
between phototropy and chemical constitution. The changes in 
colour arc not to be attributed to purely chemical changes in the 
molecule. The salicylideneamines were prepared by condensation 
in alcoholic solution and the following are described. 

Salicylidencnitro-xji-cumidine, 0HG c H 4 <’H!X’C 6 Hhh.y>i0 2 , m. p. 
120’, is not phototropic. SaUcytidene-z-chloro-p-naphthylamiae, 
0 H'C 6 II 4 - CH;N-Cj O HgC!, m. p. 156°, is slightly phototropic. Salicyl- 
iiene-o-aminocinnamic acid, t)H - C (1 II 4 ’C']IlN’i' 6 lI i , CHlCII - C0 2 H, 
m, p. 231°, is phototropic. Balicylide.ne.-p-phe.netidine, m. p. 94°, 
is not phototropic. SaUcyIidenc-])-aminobcnzalde.hyde, m. p. 99°, 
is not phototropic. Salicytideiie-p-aminoa:6benzene, 

oh-c 6 h 4 -ch:n-c 6 h 4 'N:xpii, 

m. p. 156°, is not phototropic. liimUcyUdcne-2 -A-diaminoazo- 
benzene, NPh:N-C' fi H 3 (N T :CH-C 6 H 4 'OII) 2 , m. p. 150°, is not photo- 
tropic. Ethyl salicylklene-p-aminobenzoate is phototropic, but the 
methyl ester is not. Salicylidene-l : 2 : i-nilrotoluidine, in. p. 129°, 
is thermotropic, but not phototropic. Salicylidene-l : 3 : (i-nilro- 
lolnidme, m. p. 125°, is not phototropic, Salicylidene-l : 4 : 2- 
mlmtduidinc, in. p. 112°, is very thermotropic, but not phototropic. 
Disdkylidenc-p : p-diamino-m : m-dimelhyldiphenyl, 
(OH-0 6 H 4 -CH:N) 2 C 12 H 6 Me 2 , 

1 in. p. 203°, is thermotropic, but not pliotolropic. Salicylidene-l : 2- 
tykhaknediamine., OH - C 6 II 4 ‘CH."N'C 10 H 6 rXH 2 , m. p. 102 ’, is not 
hototropic. JHsalicylidcnem phihakne-l : 1-diamine, m. p. 213°, 
te -1 : 4-diamine, m. p. 142°, the -l : 5-diamine, m. p. 220°, the 
l:8-£dm>ne, m. p. 199°, and the -2:7 -din mine, in. p. 203°, arc 
ot phototropic. Salicylidcnc-o-phcnylencdiamine, ra. p. 90°, is 
wy phototropic at low temperatures, but it having been shown by 
Wirt and Sliepheard (T., 1909, 95, 441, 1943) that the disalicvlidene 
lerivative is not phototropic, the monosalieylidene derivative was 
londenscd with a number of aldehydes; in no case, however, was 
phototropy observed. Raizylidcnesalicylidene-a-plie'iylenediainine, 
' H i’ sHj-i' [ 1 : M - 6 H 4 -N :( ' H L^h , has m. p. 244°; m-lolylidcite- 
s !jkijUilfne-o-phciiyk)iediamine has m. p. 238°; p -totylulenesalkyl- 
Wait-o-pkeiiylencdiaminc has m. p. 135°; mlicylideneaninylidaie-o- 
wmjlmediamine has m. p. 130°; salkylidcnc pi perouylidmc-o- 

d d* 2 
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phenylenediamine has m. p. 140°; and mlicylidene-m-melhacy. 
salicylidene-o-phe.nylenediamine has m. p. 125°. 

Benzylamine condenses with nitrosobenzene in alcoholic solution 
to give a red oil, which is apparently s-phenylbenzyldiazine ; wh en 
this substance is reduced with zinc and alcohohc sodium hydroxide 
it yields s-phenylbenzylhydrazine, m. p. 35 — 36°. W. G. 

Transformation of certain Aromatic Compounds, 

Bamberger ( J . pr. Chem., 1921, 102, 267 — 275). — In order to 
explain the production of 4.p-aminophenyltoluene (Bamberger, 
A., 1895, i, 289; Kiihling, ibid., i, 182) by the action of 
aluminium chloride on a mixture of phenylhydroxylamine and 
toluene, Kliegl and Huber (A., 1920, i, 835) have assumed the 
intermediate production of the residue, -C 6 H 4 'NH- According 
to the author, the reaction can bo readily explained by the annexed 
scheme, which has been applied previously to similar cases: 

C 6 H 5 -NH-OH (or 0 fi H 5 N:) -> )<" \NH 

H V _ \NH -4- C 6 H 4 Me/ - \NH 2 . 

CjHjJIe 7 N '-- / v - / 

This conception has the advantage that it can be apphed to a 
large number of other cases, such as the transformation of azoxy- 
benzene to p-hydroxyazo benzene or benzeneazodiphenyl, of nitro- 
benzene to o-nitrosophenol, of phenylnitroaminc to o-nitroanihne, of 
cr-naphthylnitroamine to |3-naphthaquinone-a-diazide, of dimethyl, 
anihne oxide to o-dimethylaminophenol, of nitrosomethylaniline to 
p-nitrosomonomethylaniline, and of phenylsulphamic add to 
o-anihnesulphonie add. H. W. 

Arylhydroxylamines and Arylazides. A Comparison. 

Eitgen Bamberger ( Annalen , 1921, 424, 233 — 296).— A general 
review of the chemistry of the arylhydroxylamines, especially from 
the point of view of the mechanism whereby, under the influence 
of various reagents, transformations occur which involve substitu- 
tion in the nucleus. Eight typical reactions are discussed, and it 
is shown that in every case at least two alternative mechanisms are 
possible. These are (a) that isomeric change occurs to an imino- 
d'-quiriol, which, provided .he necessary hydrogen atom is present, 
passes into the benzenoid form, (6) that water is eliminated with 
the formation rtf an aryiimide, ArN<, which then takes up the 
elements of water (or of the reagent), forming the same quinonoid 
derivative, lor example : 

(a) JJHPlrOH N >< / \=NH OH-/ \nH 2 ; 

OH' N-/ \-/ “ 

^ 

(b) NHPh-OIl -> Ph-N< -> \< /_ \.-NH - h- OH( / "\'NH s . 

oh/\=/ 
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The author considers the second mechanism to be the more probable, 
on e reason being that it avoids the necessity for supposing that 
when, for instance, a mixture of methyl alcohol and sulphuric acid 
acts on a hydroxylamine, a methoxy -group wanders from a methoxyl- 
aniine residue initially formed : 


(а) Ph-N< MeO. 

(б) Ph-NH-OMe H 


>:NH->MeO-/ \-Ntt,. 


Die same holds in the case of para-substituted arylhydroxylamines, 
n which rearrangement from the qtiinonoid to the ijenzenoid form 
s impossible : 


»)X<_>NC 


^ McO. MeO _ 

^ ,X>— x X> 


[he products in this case are the ethers of ^-quinols or of imino- 
t-quinols. 

With the view of obtaining more light on these questions, the 
aehaviour towards various reagents of certain arylhydroxylamines 
md arylazides have now been examined comparatively, particular 
attention being directed to the relative quantities of’ the various 
products formed. This was essential, because, whilst the undoubted 
qualitative similarity between the two sets of reactions might be 
traceable to the production in each case of the arylimide, 


Ar-NH'OH Ph-N< ArX* 


an alternative hypothesis had been suggested by Fried lander and 
Zeitlin (A., 1894, i, 184), namely, that the azide first passed into 
the hydroxylamine. This (according to Friedliinder and Zeitlin) 
is why Griess obtained p-aminophenol from plienylazide by the 
action of dilute sulphuric acid (A., 1880, i, 4.79). 

The following is a summary of the comparative experiments : 
(1) (Of. A., 1912, i, 091.) Phenylhydroxylamiue (20 grams) and 
dilute sulphuric acid ( 1 : 10), heated for forty-five minutes on a water- 
bath, gave p-aminophenol (14 grams), p-aminophenol-o-sulplionie 
arid (0-5 gram), and azoxybenzene (2 grams). (In) * Phenylazide 
(10gram9) and dilute sulphuric acid (I :3 by volume), boiled for 
twenty-four hours, gave p-aminophenol (1 gram) and p-amino- 
“'henol-o-sulphonic acid, hut no azoxybenzene. (2) [ibid.) Pheuyl- 
ij'droxylamine (0 grams), phenol, and dilute sulphupe acid (1 : 3 by 
’olume), boiled for five minutes, gave p-amino-p'-hydroxydiphenyl 
08— 0-9 gram), aniline, azoxybenzene ( ?), and amphoteric matter, 
Up. about 179°. (2a) * Phenylazide (0 grams), phenol, and dilute 
jatptmric acid (1 : 3 by volume), boiled for one and three-quarter 
tars, gave p-amino-p'-hydroxydiphonyl (0’4 gram), p-hydroxy- 
fflphenylamine (trace), aniline (doubtful trace), and amphoteric 


. * Denotes 
mvestiguted. 


reactions 


which have not 


previously been qualitatively 
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matter, m. p. about 182°, but no azoxybenzene. (3) (Cf. A., 1894, 
i, 520.) Phenylhydroxylamine (100 grams), alcohol (2400 c.c.), and 
sulphuric acid (50 c.c.) after twenty-six hours on the water-bath, 
gave p-phenetidine (45 grams), o-phcnetidine (8 grams), p- and 
o-aminophenol (3 5 grams), aniline (4 grams), azoxybenzene (H 
grams), andp-aminodiphenylamine (very little b (3 a) * Phenylazide 
(15 grams), ethyl alcohol (105 c.c.), and sulphuric acid (52 c.c.), after 
twenty-five hours on the water-bath, gave p-phenctidine (5S grams), 
o-phenetidine (0 3 gram), p-aminophenol (0 5 gram), aniline (0-4 
gram) p-aminodiphcnylamine (very little), and phenol (by odour 
only), but no azoxybenzene. (3)' * Phenylhydroxylamine (loo 
grams), methyl alcohol (2400 c.c.), and sulphuric acid (50 c.c.), 
after ei"ht hours on the water-bath, gave p-anisidine (21 grams), o. 
anisidine (C grains), p-aminophenol (0-2 gram), p-aminophenol-o. 
sulphonic acid, aniline (small quantity), azoxybenzene (17 grams), 
and much gum. (3'«) * Phenylazide (5 grams), methyl alcohol 
(50 c.c.), and sulphuric acid (25 grams), after twenty-two hours on a 
water-bath, gave p-anisidine (1'9 grams,) (probably) o-anisidinc 
and aniline (0’4 gram together), p-aminophenol, but no azoxy. 
benzene. (4) (Cf. following abstract.) Phenylhydroxylamine (GO 
grams) and concentrated hydrochloric acid (saturated at 0°), after 
thirty days at 0°, gave p-cbloronniline (37 grams), o-chloroaniline 
(15 grams), op-dichloroaniline (0 2 gram), azoxybenzene (02 
gram), and doubtful traces oL aniline, o-aminophenol, and s-tri- 
chloroaniline. (4«) ((’f. A., 1880, i, 450.) Phenylazide (131 grams) 
and concentrated hydrochloric acid, first at 0 and finally on the 
water-bath, gave p-chloroaniline (86 grams), o-chloroaniline (25 
grams), op-dichloroaniline (0'3 grain), and aniline (0'2 gram), but 
no azoxybenzene. (5) o-Tolylhydroxylamine * (34 grams), methyl 
alcohol (1000 c.c.), and sulphuric acid (17 c.c.), after thirty days at 
room temperature, gave 5-mcthoxy-o-toluidine (13 grams), 6-amino- 
m-crcsol (0 2 gram), and azoxytoiuene (0 7 gram). (5a) * o-Tolyl- 
azide (20 grams), ethyl alcohol (2 volumes), and sulphuric acid 
(1 volume), after twenty-four hours in the cold and subsequent 
heating on the water-bath, gave 5-ethoxy-o-toluidine (4-8 grams), 
0-amino-wi-cresol (P2 grams), and a small quantity of phenolic 
material, but no azoxytoiuene. (6) * o-Tolylhydroxylamine (01 
grams) and dilute sulphuric acid (1 : 10 by volume), after forty-five 
minutes on the water-bath, gave 6-amino-m-cresol (20’4 grams), 
o-toluidine (1-3 grams), and azoxytoiuene (7 grams). (6a) o-Tolyl- 
azide and sulphuric aei . gave 6-amino-m-eresol (cf. Friedliindrr 
and Zeitlin, loc. at.). (7) (Cf. following abstract.) o-Tolylhydroxyl- 
amine (30 grams) and concentrated hydrochloric acid (saturated 
at 0°) after thirty days at winter temperatures gave 5-chloro- 
o-toluidine (13 grams), 3-chloro-o-toluidine (0'3 gram), 4-chioro- 
o-toluidine (1 gram), and azoxytoiuene (0'2 — 0'3 gram). (7a) o- 
Tolylazide (120 grams) and concentrated hydrochloric acid (saturated 
at 0°), after eight days in the cold, gave 5-chloro-o-toluidine (100— 
110 grams), 3-chloro-o-toluidine, but no azoxytoiuene. (8) 
•/n-Tolylhydroxylamine (30'7 grams), ethyl alcohol (900 c -°-)> an 
sulphuric acid (15 c.c.), after keeping for fifteen days in the dark, 
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gave 6-ethoxy-ro-toluidine (3'7 grams), 5-amino-o-crcsol (very 
little), and azoxytoluene (3'4 grams). (8a) * m-Tolylazide (10 
grams), ethyl alcohol (2 volumes), and sulphuric acid (1 volume), 
after three days’ keeping in the cold and fifteen hours’ subsequent 
heating on the water-bath, gave G-ethoxy-m-tuluidine (I'l grams), 
5 -amino-o-cresol (2’5 grams), hut no azoxytoluene. (S') 11 m- 
Tolylhydroxylamine (.32 grams), methyl alcohol (300 e.e.), and 
sulphuric acid (5 c.c.), after three months in the dark, gave 6- 
luethoxy-m-toluidine (more than 10 grams), 5-amino-o-cresol 
{small amount), and azoxytoluene. (8'a) * m-Tniykizide (8 grams), 
methyl alcohol (2 volumes), and sulphuric acid (1 volume), after 
five hours at room temperature anil three hours’ subsequent heating, 
gave 6-methoxy-m-toluidine (more than 1’7 grains), 5-amino-o- 
cresol (2’6 grams), and a trace of a phenolic substance, hut no 
azoxytoluene. (9) * p-Xylylhydroxylamine (3-8 grams) and dilute 
sulphuric acid (1 : 10 by volume), after boiling for thirty-five 
minutes, gave 2-amino-p-o-xylenol (2 grams), p-xyloquinol (M 
grams), and a small amount of azoxy-p-xylene. (9a) * p- 
Xylylazide (10 grams) and dilute sulphuric acid (1 : 3 by volume), 
after boiling for fifteen hours, gave 2-amino-p-o-xylenol (4'1 
grams), p-xyloquinol (21 grams), but no azoxybenzene. (10)* 
‘ p-Xylylhydroxylamine (5 grams), ethyl alcohol (175 c.c, of 90%), 
and sulphuric acid (2m c.c.), after three days at ordinary tempera- 
tures, gave 2-ethoxy-p-o-xylidine (1 gram) and azoxy-p-xylene 
(1-5 grams). (10a)* p-Xylylazide (15 grams), ethyl alcohol (2 
volumes), and sulphuric acid (1 volume), after live hours at room 
temperature and two hours’ gentle heating, gave 2-amino-p-o- 
xylenol (5’2 grams), 2-ethoxy-p-o-xyiidinc (4 0 grams), 2-cthoxy- 
p-a-xylenol (0*S gram), and p-xyloquinol, hut no azoxybenzene. 
(10')* p-Xylylhydroxylamine (11 1 grams), methyl alcohol 
(222 c.c.), and sulphuric acid (5'5 c.c.), after three weeks at room 
temperature, gave 2-methoxy-p-5-xylidine (theoretical amount) 
and traces of azoxy-p-xylcnc and p-xylidine. (10'a) * p-Xylylazide 
(5 grams), methyl alcohol (2 volumes), and sulphuric acid (1 volume), 
after five hours at room temperature and four hours’ heating, gave 
2-methoxy-p-o-xylidine (2 5 grams), 2-amino-p-5-xylenol, but no 
azoxyxylene. (11)* p-Chlorophcnylhydroxylamine (10 grams) 
and dilute sulphuric acid (1:5 by volume), after twenty- five 
minutes at 40 — 00°, gave p-chloroaniline (12 grams), op-diehloro- 
aniline (0'45 gram), -pp'-dichloroazoxylienzene (5 grams), and 
traces of aniline, (11a)* p-Chlorophenylazide (10 grams) and 
dilute sulphuric acid (1:5 by volume), boiled for fifteen hours, 
gave p-chloroaniline (0'9 gram), op-dichloroaniline (0'45 gram), 
and traces of aniline, but no dichloroazoxybcnzene. (12) (Of. 
following abstract.) p-Chlorophenylhydroxylamine (5-5 grams) 
and dilute sulphuric acid (l : 3), after heating for twenty minutes at 
50°, gave op-dichloroaniline (2’4 grams), p-chloroaniline (0’7 gram), 
and pp'-dichloroazoxybenzene (lo grams). (12a)* p-Chloro- 
phenylazide (5 grams) and dilute hydrochloric acid (20 grams 
concentrated acid and 40 grams of water), on boiling for twenty-two 
laws, gave op-dichloroaniline (1'8 grams), p-chloroauiline (0’45 
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grain), but no azoxybcnzene derivative. (13)* p-Bromophenyl. 
hydroxylaminc (10 grams) and dilute sulphuric acid (1 : 5), heated 
for fifteen minutes at 40—50°, gave op-dibromoaniline (0'3 gram), 
p-bromoaniline (24 grams), 5-bromo-o-aminophenol (small quantity)^ 
and pp'-dibromoazoxybenzene (5 grams). (13a) * p-Bromophenyl- 
azide (3 grams) and dilute sulphuric acid (1 : 5), on heating for 
fifteen hours, gave op-dibroinoaniline, p-bromoaniline, a trace of 
5-bromo-o-aminophenol, but no azoxy benzene derivative. (14) 
(Cf. A., 1912, i, 691.) p-Tolylhydroxylamine (14‘5 grams) and 
dilute sulphuric acid (1 : 10 by volume), heated for forty minutes 
on the water-bath, gave toluquinol (9 grams), p-toluidine (2 
grams), azoxy-p-toluene (0'9 gram), ft small amount of p-cresol, 
and traces of 5-amino-o-cresol formed, probably, through the 
migration of the methyl group from the imino-f-quinol ether inter- 
mediately formed (a better instance of this change is discussed 
below). (14«) * p-Tolylazide (5 grams) and dilute sulphuric acid 
(1:3 by volume), after two hours' boiling, gave toluquinol 
(1 gram), p-toluidine (04 gram), and an odour of cresol, but no 
azoxytoluene or 5-amino-o-cresol. (14') p-Tolylhydroxylamine 
(30 grams) and dilute sulphuric acid (1:20 by volume), after 
fourteen hours’ keeping at 1S°, gave 11 — 12 grams of t/r-tolu- 
quinol (cf. A., 1912, i, 091). (14'«) * p-Tolylazide (22 grams) and 
sulphuric acid (1 : 1-75 water, by volume), after eleven hours’ 
heating at 50—70°, gave ^-toluquinol (0T> gram), p-toluidine 
(5-4 grams), toluquinol (1 gram), p-cresol (01 gram), and traces 
of 5-amino-o-crcsol, hut no azoxy-derivative. (15) p-Tolylhydr- 
oxylamine and sulphuric acid gave “ benzyleneimide ” and its 
hydrate (ibid.). (15n)* p-Tolylazido and sulphuric acid gave 
“benzyleneimide'’ audits hydrate. (16) p-Tolylhydroxylaminr, 
p-nitrotoluene, and sulphuric acid gave 2-nitro-4'-aiumo-5-methy]di- 
phenylmcthane (ibid.). ( 1 On ) * p-Tolylazide and sulphuric acid, 
after twenty-four h.ours at ordinary temperatures, yielded the same 
substance. (17) p-Tolylhydroxylamine (4'95 grams), phenol, and 
dilute sulphuric acid (1:3 by volume), on heating for twenty 
minutes, gave p-hydroxyphenyl-p-tolylamine (34 grams) and 
doubtful traces of toluquinol and azoxytoluene ( loc . cit). (17a)’ 
p-Tolylazide (0 grams), phenol, and dilute sulphuric acid (1 :3 
by volume), on heating for two hours, gave p-hydroxyphenyl- 
p-tolylamine (about 4 grams), toluquinol (0'3 gram), and some 
p-toluidine. (18)* p-Tolylhydroxylamine (120 grams), methyl 
alcohol (1200 e.c.), and concentrated (100%) sulphuric acid 
(30 c.c.), after keeping for twenty-four hours at 10 — 20°, gave 
^-toluquinol 1-methyl ether (C'2 grams), p-toluidine (3 grams), 
and azoxy-p-ioluene (65 grams). (18a) * p-Tolylazide (73’5 grams), 
methyl alcohol (230 c.c.), and concentrated sulphuric acid (100%) 
(100 c.c.), after ten hours at 13 — 22" and two days at 25 — 30°, gave 
t(r-t61uquinol 1-methyl ether (2’5 grams), p-toluidine (0'85 gram), 
but no azoxytoluene. (18')* p-Tolylhydroxylamine (150 grams), 
ethyl alcohol (1250 c.c.), and 100% sulphuric acid (35 grams), 
after fifteen hours at room temperature, gave %toluquinol- 
1-ethyl ether (10 9 grams), p-toluidine (11 "9 grams), and azoxy- 
p-toluene (78 grams). (18'a) * p-Tolylazidc (120 grams), ethyl 
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alcohol (370 c.c.), and 100% sulphuric acid (170 cc ) after ten 
hours at 10—20 and a further 40 hours at 25- 10° i 

q uinol 1 -ethyl ether (4 grams), p-toSit (2-2 gJ 
azoxytoluene. (19) m-4-Xylylhydroxylamine (10 grams) and 
dilute sulphuric acid (1:10 by volume), on heating g fo wcntv 
minutes on the water-bath, gave (A„ 1912, i, 091) « x"lo 
quinol (4 grams) m-i-xylidme (1 gram), and traces of 2-amfno' 
M-xylenol. (19a) m .4.Xylylazide (60 grains) and dilute 
sulphuric acid (1 3 by volume), after six hours’ heating gave 
m-xyjoquinol (0-4 gram), 2-amino- P -5-xylenol (11 grams) mi 
xyhd.ne, and an odour of xylenol, hut no azoxy xylene’ The 
production of the p-xylone derivative (2-a„iino-p-5-xylenol) must 
be due to the migration of a radicle from the intermediate quinonohi 
products, for such an isomeric change is clearly necessary to enable 
them to pass into their benzenoid form. For example 

Me Mo ' ' Me 

Me(0H)(_>:NH -> (OH)H<^A;NH -> OH-/ A. 

Me M e 

A simdar mechanism is probably to be ascribed to the other cases 
of this kind mentioned in this paragraph. (19') m,4-XyIylhydroxv 
amine (35 grams and dilute sulphuric acid (17-5 grams H,S0 +350 
c.c. of water), after eight to ten days’ keeping 

p-xyloquinof (^3^^)JheS^ S ^ ,n iHl<mr I< of ^ylcno^JjJd’g^g 
amorphous acids and bases. (20) (( f / -Tv? f 

oxylamine (100 grams), etlivl alcohol '(900 cc ) and^mlS-' 
acid (30 c.c.), after three hours’ heating on the ’ water bstb^ 
fm-xyloquiuol ethyl ether (30 gramsl j. ■ r r *u Cr Jat ^’ S&Ve 

mg at room temperature and then M * ^P- 

quiuo ethyl ether (.4-9 grams), l : MmSiyh^ U-ftSo 

T7S ind gr 2 m 5dieth yl0qUin °! 

Ether (11 gramsi 1 % dimtrt / 1 ““te-^-M-xyloquinol 1-methyl 
^*yloqutad ij ' f ""'A’ 1 «*** (27 grams), 

xylene. (20' 'a) * mix i S j’ , anc ’"'^'XvMme, but no azoxy- 
wlwnes), and IkriSu 1 S rams )> e %I alcohol (2 

'- eightln !;^™ :, d ,oi' :° lum v 100%) ’ after *4- 

1-ethyl ether /Q.9 ’ S ave 4-inimo-^-m-xyloquinol 

SP*4, fte-xytinoWl S . : metliy 1 eth^r (14 

f * xytequmol (l-o grams), p-xyloquinol (0-07 gram). 
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2 : 5-diethoxy-p-xylene (0-35 gram), m-4-xylidine (3-1 grams), but 
no azoxyxylene. (21) (Cf. following abstract.) m-4-Xylylhydr. 
oxylamine (85 grams) and concentrated hydrochloric acid (saturated 
at 0°), after keeping for two weeks at 0° gave 5-ehloro-m-4-xylidine 
(32 grams), 6-chloro-m-4-xylidine (29 grams), and azoxy-m-xylene 
(7 grams). (21a) * m-4-XyIylazide (12 grams) and concentrated 
hydrochloric acid (saturated at 0 U ), after keeping for four weeks, 
gave 5-chloro-»n-4-xylidine (4-1 grams) and (i-ohloro-m-4-xylidino 
(6-4 grams), but no azoxyxylene. (21') (Cf. following abstract.) 
?n-4-Xylylhydroxylamine (80 grams) and concentrated hydro- 
bromic acid (saturated at 0°), after seven weeks in the dark, gave 
5-bromo-m-4-xylidine {45 grams), 6-bromo-w-4-xylidine (0 *07 
gram), m-4-xylidine (7-5 grams), and azoxy-m-xylene (8-2 grams). 
(21' 0 ) * m-4-Xylylazide (20 grams) and concentrated hydrobromic 
acid (saturated at 0°), after two days’ keeping, gave 5-bromo- 
■m-4-xylidine (17-2 grams), fl-bromo-m-4-xylidine (traces), m-4. 
xylidine (1-2 grams), but no azoxyxylene. 

An examination of these facts reveals one striking qualitative 
difference. The production of azoxybenzene derivatives, which 
is almost always noticed in the, transformation of the hydroxyl, 
amines, and in some instances occurs to a considerable degree, is 
never observed in the products of the reactions of the azides. For 
this reason, the suggestion made by Friedlander and Zeitlin ( loc . tit.) 
that their observation of the formation of o-nitro-p-tolylhydroxy, 
amine from o-nitro-p-tolylazide by the action of dilute acids is 
an indication of the general course pursued by the decomposition 
of the azides, is considered to be extremely improbable. 

Apart from the formation of the azoxy-dcrivatives, there is clearly 
a close parallelism between the two sets of reactions, from which it 
is legitimate to argue that a similar mechanism must underlie the 
two cases. The later stages of the various processes can scarcely he in 
doubt, and are expressed by the following scheme (illustrative only): 




V = V%S0 3 H — > -> MoO/ \xH, 

MeO/\=/ W 


H 

JIcO 7 

Ik 

OH 7 




>;0 -» MeO<^ ^)’0H 
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H, /=x H 
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X >C> S0 = H -* 

WV x = / MeO^ \=/ 

_ MeO/C) : ° 

x )0 ; nh- 

WY x -= x H(K\ = / 

^TT 0 /C) ;0 

+ 


OH-/ Vnh, 

OH-/~\-OH 

X 

ch 3 


This scheme holds both for hydroxylamines and azides, and the 
starting points are the qumonoid substances formed by the addition 
of water, sulphuric acid, methylsulphuric acid, etc., to the aryiimide 
Ar'N<. No plausible alternative is possible in the cases of the 
azides, and as on the evidence it is considered that a similar 
mechanism holds throughout for the azides and hydroxylamines 
the latter also must he regarded as being initially broken down into 
aryliniides and water. 

In the cases of the hydroxylamines there i s , superimposed the 
known decomposition into azoxy-compounds and amines ’ 

Although the evidence is strong, it is admitted that no arguments 
based on the character of the ultimate products can constitute an 
absolute proof (or disproof) of the mechanism suggested. C. K. I 


The Behaviour of Arylhydroxylamines towards the Hydro- 
gen Haloid Acids. Eucen Pambergek {Anvalon 1021 424 
21)7— 321 ; of. preceding abstract).-! large amount of experi- 
mental material on the subject is recorded and then submitted 
to a critical examination in order to unravel the various tyros 
of reaction occurring simultaneously 
The facts are the following : (1) Phonylhydroxylamine (2 grams) 
with dilute hydrochloric acid gave p-chloroaniline (1-6 grams) 
Se^Tor 0 rt " gr ?™ )> a , ttace of P’Sn'inophenol, and probably 

aniline. For the action of concentrated hydrochloric acid see 
preceding abstract. (2) Phenyl hydroxy [amine with dilute hydro- 
ta™of aC S? ave p-bromoaniline (38%). some azoxybenzene, a 
trace of n-am, nophenol, and probably some aniline. With con- 
™ ^“ ld > ®° S rams , of the %dm\vlaminc gave p-bromoaniline. 

°' )rn, 'r nll,nC [ 5-3 op-dibromoaniline (2-5 

(3) Phem lh ? mC , (4 ? rams) ’ but 110 “oxybenzene or aminophenol. 
WnfflyMmjlMnmo (3 grams) and dilute hydriodie acid gave 

S " ‘h ^ T lmr ((Ki 8™")- tra «* of P-amino. 

Concentrated acid gave aniline (more 
• “, 8rat ? s ^ rora °) and a blue dye, hut no azoxybenzene or 
livdrofluo™ 0 ' v? r^ylhy^xylamine (4 grams) and saturated 
fife Z aC ‘ d ’ i after l , h "-T wceka ’ kop P in 8 at 0°. gave, azoxy- 
and an amoST ’ & \ oI . at,,e base thou ght to he p-fluoroaniline, 
act™ , or P llous subs tance containing fluorine, (a) For the 

see prctZTl ra t teCl r hy R 0Chl0riC 8cid ° n 0 -tolylMrovylamine, 

P ding abstract. Lsing concentrated hydrobromic acid. 
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26 grams of the hydroxylamine gave 5-bromo-o-toluidide (more 
than 10 grams), 3 : 5-dibromo-o-toluidine (4-3 grams), o-toluidin e 
(more than 0-1 gram), azoxytoluene (1-3 grams crude), and doubtful 
traces of 6-amino-m-cresol. (6) m-Tolylhydroxylamine (3 grains) 
and dilute hydrochloric acid (10 parts of concentrated acid wit]] 
40 of water) gave 6-chIoro-m-toiuidine (0-6 gram), azoxv 
toluene (0-5 gram), O-amino-o-cresoI (0-8 gram), a violet dye, and 
some gum. Dilute hydrobromic acid gave (from 3-4 grams of 
the hydroxylamine) 6-bromo-m-toluidinc (0-8 gram), 5-amino-o. 
cresol (0-3 gram), and azoxy-m-toluene, a \riolet dye, and some 
gum. Saturated hydrobromic acid gave (from 4-, r ) grams of the 
hydroxylamine) 6-bromo-m-toluidinc (2-5 grams), and a little 
azoxy-m-toluene. (7) p-Tolylhydroxylamine and dilute hydro, 
chloric acid gave much m-ehloro-p-toluidine, some p-toluidine 
m-chloro-p-cresol, p-azoxytoluene, qualitative traces of p-nitroso- 
toluene, and possibly other products. (8) For the action of hydro- 
chloric and hydrobromic acids on m-4-xylylhydroxylamine, see 
preceding abstract. (9) p-Xylylhydroxylaniine (13 grams) and 
concentrated hydrochloric acid gave o-chloro-p-2-xylidine ( 9-5 
grams), 3 : 5-dichloro- p-2-xylitlme (traces), and p-xylidine (traces). 
Saturated hydrobromic acid gave (from 11-2 grams of the hydr- 
oxylamine), 5-bromo-p-2-xylidine (11 — 12 grams), 3 : 5-dibromo. 
p-2-xylidine (1— ho grams), p-xylidine (0-o gram), and some gum, 
(10) p-Chlorophenylkydrojylamine, m. p. 182° (very approximately), 
(5-5 grams), and dilute hydrochloric acid gave op-dichloroaniline 
(2-4 grams), p-chloroaniline (0-7 gram), pp'-dichloroazoxybenzene 
(1-5 grams), traces of aniline, qualitative traces of o-aminophenols 
and (doubtful) s-trichloroaniline. Fuming hydrochloric acid gave, 
(from 7 grams of the hydroxylamine), op-dichioroanilinc (4 grams), 
a-trichloroaniline (0-45 gram), p-chloroanilinc (0-8 gram), pp'-di- 
ohloroazoxybenzenc (0-25 gram), a little aniline, and gum. Dry 
hydrogen chloride in benzene solution gave (from 3-5 grams of the 
hydroxylamine) op-dichloroaniiino (1-2, 5 grams), p-chloroaniline 
(0-5 gram), s-trichloroaniline (trace), pp'-dichloroazoxybenzene, and 
qualitative traces of o-aminophenols. Dilute hydrobromic acid 
gave (from 5 grams of the hydroxylamine) p-chloro-o-bromoaniline, 
p-chloroaniline (0-9 gram), a little aniline, and pp'-dichloroazoxy- 
benzene (1-6 grams); also qualitative traces of o-aminophenols. 
Saturated hydrobromic acid gave (from 12 grams of the hydroxyl- 
amine) p-chloro-o-bromoaniline (7 grams), p-ehloro-oo-dibromo- 
aniline (3-4 grams), p-chloroaniline (2 grams), pp'-dichioroazoxy- 
benzene (0-3 gram), and qualitative traces of aniline and of o-amino- 
phenols. (11) p-Bromopnenylhydroxylamine (3 grams) with dilute 
hydrochloric acid gave o-chloro-p-bromoaniiine (1-3 grams), p-bromo- 
aniline (0-3 gram), pp'-dibromoazoxybenzene (0-7 gram), and 
qualitative traces of o-aminophenols. Concentrated hydrochloric 
acid gave (from II grams of the hydroxylamine) o-chloro-p-bromo- 
aniline (5-7 grams), s-diehlorobromoamline (1-9 grams), p-bromo- 
aniline (1-7 grams), pp'-dibromoazoxybenzene, and qualitative 
traces of aniline and of o-aminophenols. Dilute hydrobromic acid 
gave (from 6 grams of the hydroxylamine) op-dibromoaniline (1-9 
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arains)> p-bromoaniline (1 gram), pp'-dibroinoazoxybcnzenc (2-3 
srams), and an odour of p-bromonitroeobenzene (compare 7 above). 
Concentrated hydrobromic acid gave (from 11 grains of the hydr- 
os ylamine) op-dibromoaniline (5-7 grams), s-tribromoaniline (2-5 
grams), and p-bromoaniline, besides traces of aniline and of o-amino- 
phenols. (12) p- Bromophmylhydroxylamine, (E. Feilmann, Dies., 
Bade, 1898) (m, p. 66-5°) gave with dilute hydrochloric acid p -chloro- 
m .brorn r xinilinp, (m. p. 79-5 — 80°), an oily ehlorobromoaniline 
[acetyl derivative, m. p. 117 — 118°), mwi'-dibromoazoxybenzene, a 
doubtful trace of o-bromo-p-aminophenol, some dye, and much 
gum. With dilute hydrohromic acid the products were a dibromo- 
uilinc (in. P- 53°), mm'-dibromoazoxybcnzene (50%), dye, and a 
trace of p-aminophenols. 

Therefore, four chief types of reaction proceed simultaneously. 
Jn the first place, there is what may be termed the “ normal ” 
reaction, whereby a single halogen atom enters the ring, in the 
para-position if possible, in the ortho-position to some extent and 
particularly if the para-position is occupied, or in the meta-position, 
if, for instance, most of the other usual positions are occupied : 

ArNH-OII+H-Hal — > n»iy-NH 2 . The second type of reaction 
is that expressed in the following equation : 

Hal 

2ArNH-OH+2H-Hal -> ArNH 2 +Hal^ \-NH a . 

This is termed the “ abnormal ” reaction. In addition, the 
hydroxylamines decompose into azoxy-compounds and amines, or 
by atmospheric oxidation into azoxy-compounds, or again by 
reduction <for example, by means of hydriodic acid) into amines. 
Finally, there is the type of decomposition due to the action of 
hydrogen ions and dealt with in the preceding abstract. 

The “ normal ” reaction is explained in the following manner : 

J| 

ArNH-OH — > Ar-NHCl -> \)NH -> Cl-/ ^>-NH a , 

or by a similar mechanism involving an o-quinonoid intermediate 
product. The production of derivatives of m-chloroaniline is then 
easily explained by assuming addition of the halogen hydride to 
one of the double bonds of the quinonoid structure. The abnormal 
reaction also is discussed in the light of cognate reactions, but 
no entirely satisfactory solution is arrived at. C. K. I. 

The Complete and Partial Reduction of Nitro-compounds 
with Iron. H. Pomeranz {Chen. Zeit., 1921, 45, 866—867).— 
When picric acid is reduced with iron and a large excess of hydro- 
chloric acid in a similar manner to that, used for 2 : 4-dinitrophenol 
(D.R.-P. 269542, A., 1914, i, 948) a blue-black powder is obtained 
a result of the oxidation of triaminophcnol. In this instance, 
the excess of hydrochloric acid does not protect the triaminc owing 
to the rapid oxidation of ferrous chloride by unreduced picric acid. 
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On the other hand, picramie acid is neatly reduced to triarainophenol 
by this process. Picramie acid is usually prepared by reducing 
picric acid with sodium sulphide, but it may be obtained more 
cheaply by the use of iron and sulphurous acid (D.R.-P. 2894,54 
A., 1916, i, 382). Picric acid is only slightly soluble in water, hut 
when heated with water and iron it dissolves, probably as an iron 
salt. The prolonged passage of sulphur dioxide through such a 
solution results in rise of temperature and picramie acid separates 
The yield is practically theoretical and the product is sufficiently 
pure for technical purposes. F. M. R. 

Electrolytic Reactions of Naphthalene and its Derivatives. 
II. Electrolytic Oxidation of a-Naphthol. Kasiiichi Ono 
( J . Chan. Soc. Japan. 1921, 42, 559 — 578; ef. this vol., i, 334).-, 
By the electrolytic oxidation of a-naphthol in acid solution, a-naph. 
thaquinone, a compound of a-naphthol and a-naphthaquintme 
(Bcr., 1909, 42, 1153), phthalic acid, and a dark violet compound 
arc obtained in the anode chamber, whilst a red compound is 
produced in the cathode chamber. The dark violet compound 
having a phenolic hydroxyl group, gave phthalic and phthalonic 
acids by oxidising with potassium permanganate, phthalic acid by 
fusing with potassium hydroxide, and naphthalene and cti-dj. 
naphthol by distilling with zinc dust. The author gives optimum 
conditions for the operation. The electrolytic oxidation of si-d|. 
naphthol and; a-naphthol- x-naphlhnquinone to a-naphthaquinone, 
and to a-naphthaquinone and phthalic acid respectively, is described 
(cf. J. Soc. Chem. Ind., 1921, Oct.). K. K. 

Allyl Derivatives of Resorcinol and Quinol. F. Mauthxek 
(J. pr. Chem., 1921, 102, 41 — 44).— The preparation and intra- 
molecular transformation of allvl derivatives of phenols have been 
described by Claiscn (A., 1913, i, 1175; 1919, i, 266) and the reac- 
tions have been used by the author (A., 1917, i, 544, and following 
abstract) in his investigations of plant substances. The behaviour 
of monomethylrcsoreinol and monomcthylquinol has now been 
investigated. 

Monomethylrcsoreinol dissolved in acetone is converted by allyl 
bromide in the presence of powdered potassium carbonate into 
2-methoxyphenyl allyl ether, a colourless liquid, b. p. 125 — 126713 
mm., which is transformed when heated with dimethylaniline into 
2-ht/droii/-4-methnxyalli/lben:ene,- b. p. 143 — i t 4°/15 mm. The 
constitution of the latter substance is deduced from its complete 
raethylation to 2:4 -dmlhoxyalbilbenze.nt, a colourless liquid, 
b. p.125 — 126", 14 mm., which is oxidised by potassium permanganate 
to dimethyl- fi-i'esoreylie acid, m. p. 108". 4-Methoxyphemjl (illijl 
ether, b. p. 119 — 126 /13 mm., is transformed in the presence of 
boiling dimethylaniline into li-hi/drnxi/-'.l-m(lhoxi/al!ylbe.n:cnr, a 
colourless liquid, b. p. 144 — 145°/13 mm., which is converted by 
methyl sulphate into 3 : 6-dimcthoxyallylbenzene, a colourless 
liquid, b. p. 126"/14 mm. " ’ H. W. 

Synthesis of Pikamar. F. Mauthner (.7. pr. Chem., 1921, 
102, 36 — 40). — Pikamar was isolated in 1833 by Rciehenbach 
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from beechwood tar and examined subsequently by Hofmann 
m 1880, 248), Niederrist (Monatsh., 1883, 4, 487), and Will (A., 
1888, 1080). The work of these chemists has sullieed to elucidate 
( j ;l , constitution of the substance, but has not shown whether a 
propyl or an isopropyl group is present. The author has therefore 
svnthesised 4-hydroxy-3 : 5-dimethoxy-re-propylbcnzene, which is 
shown to be identical with pikamar. 

o : (S-Dimethoxyphenyl allyl ether (Mauthner, A., 1918, i, 428) 
is converted by being heated with dimethylaniline (compare Claisen, 
^ 1913, i, 1175) into 4-hydroxy-3 : 5-dimetlioxyallylbenzenc, 
which is transformed by acetyl chloride and glacial acetic acid into 
i-acetoxy-3 : o-dimdhoxyallylbenzene, m. p. 43 — 44°. The latter is 
reduced by hydrogen in the presence of colloidal palladium to 
4-acetoxy-3. : 5-diniethoxypropylbenzene, m. p. 87° (cf. Hofmann, 
loc. cit .), which, when hydrolysed, gives 4-hydroxy-3 : 5-dimcthoxy- 
it-propylbcnzene, b. p. 285°. ' H. W. 

Synthesis and Dehydration of Phenylethylpropylcarbinol 
[ r Phenylhexan-y-ol]. Vartkes Yeramian ( Compt . rend., 1921, 
173, 302—364). — Propyl phenyl ketone reacts readily with mag- 
nesium ethyl bromide to give y-phenylhexan-y-ol, b. p. 132°/2o mm., 
which, when dehydrated by passing its vapour over infusorial 
earth at a red heat, gives y-phenyl-Ay-hexene, b. p. 210°. W. G. 

Esters of Aminobenzoic Acids. Harvey C. Brill (J. Amer. 
f 'km. Hoc., 1921, 43, 1320 — 1323).— Certain esters of the amino- 
renzoic acids have been prepared by reduction of the corresponding 
litrobenzoic esters, with the view of studying their amesthetie 
properties. The following compounds are described. Allyl p- 
litrobenzoat ?, a liquid, allyl p-aminobonzoate, m. p, 52°, giving a 
'tytimhloride, m. p. 180°; isopropyl p -nitrobenzoate, m. p. 95°, 
myropyl p-aminobmzoate, m. p. 79°, and its hydrochloride, ni. p. 
184°; n-butyl p-nitrobenzoale, m. p. 35°, n-butyl p-uminobenzoate, 
m. p. 53°, and its hydrochloride, m. p. 198°; n-butyl m-nitrobenzoak, 
liquid, n-butyl m-aminoben:oate, and its hydrochloride, m. p. 128°; 
i-butyl o-aminobenzoate, a liquid, and its hydrochloride, m. p. 178°; 
sftyl 3 : b-dinitrobenzoate, in. p. 91°; ethyl 3 : 5-dianiinobenzoate, 
m. p. 84“, and its hydrochloride, m. p. 248°; n-butyl 2 : i-dinitro- 
knzoate, m. p. 70°, n-butyl 2 : i-diaminobenzoalc, m. p. 90°, and its 
hydrochloride, m. p. 270°; n-butyl 3 : o-dinitrobenzonte , in. p. 01°, 
n-butyl 3 : n-diaminobenzoale, and its hydrochloride, in. p. 253°. 

A rough test of anesthetic properties showed that )i -butyl, allyl, 
.and isopropyl p-aminobenzoatos and n-butyl 3 : 5-diaininobenzoate 
!wre the most active and n butyl 2 : 4-diaminobeiizoate the least 
active as local anaesthetics. W. G. 

The o-Diethylaminoei/ebihexanylester of p- Aminobenzoic 
Acid. A. li. Osterbekg and K. 0. Kendall (J. Amer. Chem. 
' 1921, 43, 1370 — 1371). — o-Ohlorixy/rfohexanol reacts with 

hethyiamine to yield o-diethylaminoeychhe.mnol , b. p. 224° /730 mm,, 
P“g a hydrochloride, m. p. 100°. The alcohol condenses with 
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p-nitro benzoyl chloride to give o-diethylaminocyclohexanyl p -nit ro . 
benzoate, giving a hydrochloride, , m. p. 175°, which on reduction 
tin and hydrochloric acid gives o-diethylaminocyv\ohexanyl p-amin#. 
benzoate, m. p. 72“, and its hydrochloride, m. p. 163°. The physio, 
logical action of this ester is being studied. W. 0. 

Condensation of Nitriles and Thioamides. I. Benzo- 
nitrile and Thiobenzamiue. Seiichi Ishikawa ( J . Chen. So c 
Japan, 1921, 42, 579 — 586). — Matsui [Mem. Coll. Sci. Eng. Eyoto 
1910, 2, 401) isolated a condensation product of benzonitrile and 
thiobenzamide, and considered it to be bcnziminosulphidc 
S(CPh!NH) 2 . The author oxidised the condensation product 
with OTAModine. in alcoholic solution, and found that the 
quantity of iodine used, the nature of the resulting product, and 
the non-evolution of hydrogen sulphide do not support this view. 
By reducing the substance with zinc dust and hydrochloric acid in 
alcoholic solution, benzylbcnzamidine was isolated, accompanied 
by the evolution of hydrogen sulphide, indicating the presence of 
the groups -C(1N)*N'C _ and -SH. Moreover, hy alkylation with 
ethyl iodide, it gave ethyl benziminoi'sothiobenzamide hydriodide, 
yellow, inonoclinic crystals, m. p. 181°, the ethyl group combining 
with the sulphur atom. The condensation would therefore appear 
to proceed as follows, producing benzirainoisothiobenzamide ■ 
SH-CPhlNH + PhCNf = SlPCPhiN-CPhlNH. K. K. ' 

The Nitro- and Amino-derivatives of m-Hydroxybenzoic 

Acid. Victor Froeliciier and Julius Bbrend Cohen (I., 
1921, 119, 1425—1432). 

The Additive Properties of the Keto-enolic Double Linking, 

H. Gault and R. Weick (Com.pt. rend., 1921, 173, 391 — 3931- 
Ethyl phenylpyruvate reacts with acid anhydrides and acid chlorides, 
giving the corresponding esters. Thus with acetic anhydride the 

p-ester gives ethyl n-acetoxycinnamale, CHPh.'CvQ^ \ m, p. 

33 — 34°, and with benzoyl chloride the corresponding benzoylmy- 
derivative, m. p. 87°. These two derivatives do not form additive 
compounds with bromine, but always yield substituted compounds. 
The presence of the double linking is verified by the fact that 
they immediately decolorise potassium permanganate in alkaline 
solution. Dilute potassium hydroxide solution rapidly regenerates 
ethyl phenylpyruvate from these two derivatives. W. G. 

Resolution of It l- 1 ran s-cyeloPentane-l : 3-dicarboxylic Acid. 
William Henry Perkin, jun., and Harold Archibald Sc.«i- 
borough (T., 1921, 119, 1400—1408). 

The Dinaphthanthracene Series. IV. ■ Bromo-derivatives. 

Ernst Philippi and Fedora Auslaender (Monatsh., 1921, 42, 
1-4; cf. A., 1911, i, 793; 1913, i, 627; 1914, i, 826; Mills and 
Mills, T., 1912, 101, 2194). — Pyromellitic anhydride condenses 
with bromobenzene in the presence of aluminium chloride to yield 
a mixture of 2 : b-di-p-bromobenzoylterephthalic acid, in. p. 306— 
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309 “ (dccomp.) and 4 : 6-di-p-bromobenzoylisophthalic acid, m. p. 
25fi — 260° after previous decomposition, which are separated by 
crystallisation from glacial acetic acid; by analogy with the di- 
bcnzoylphthalic acids, the substance of higher melting point is 
considered to have the carboxyl groups in the para-position to 
another. The acids lose water when heated with concen- 
rated sulphuric acid, giving 2 : 9-dibromo-5 : 7 : 12 : 14-draapM- 
u thradiqvinone, greenish- or brownish-yellow needles, which 
rradusdly darken and decompose above 250°, and 2 : IQ-dibromo- 
i ; 7 : 12 : 14 -dinaphthanthradiquinone respectively. H. VV. 

New Method for the Preparation of Mellitic Acid. Ernst 
pmum and Gertruh Rie ( Monatsh ., 1921, 42, 5— 8).— 1:3:5- 
frimethyl- 2 : i-diellylbenzene, a colourless liquid, h. p. 229 — 236°, is 
ibtained by the reduction of diacetylmcsitylene with amalgamated 
inc and hydrochloric acid ; it is converted by acetyl and aluminium 
hlorides in the presence of carbon disulphide into 6-acelyl-l : 3 : 5- 
rimethyl- 2 : i-diethylbenzene, a pale yellow liquid with a powerful 
dour of violet root, b. p. 286 — 3(H°, which is reduced to 1:3:5- 
nmethyl- 2 : 4 : S-iriethylbenzene, a colourless liquid, b. p. 238—247°. 
'be acetyl compound is oxidised by nitric acid to mellitic acid, 
a. p, 285—286°. H. W. 

Constitution of the Bile Acids. W. Borsche (Nachr. Gee. 
fist. Gottingen, 1920, 188 — 194; from Che m Zentr., 1921, iii, 
.74. Of. A., 1919, i, 276, 476).— [With Herbert Bkhr.] — iso-a- 
Manelricarboxylic acid, obtained by reduction of taobilianic acid 
rith zinc and hydrochloric -acid in glacial acetic acid solution, 
jm colourless needles, in. p. 201° (decomp.). The trmelhyl ester, 
forms lustrous leaflets, m. p. 103—104°. 

[With Hans Wieckhorst.] —Ethyl dihydrogen $-cholanonetricarb- 
vrylate, 0 !6 H 40 O ; , gives long, white needles, m. p. 136°. The mono- 
ndhyl ester has m. p. 247°. The oxime, <.\, 4 H 3 -0-N, forms trans- 
larent crystals, m. p. 227°, By heating with 90% sulphuric acid 
in isomeric mimic acid is obtained by rearrangement, giving stout, 
ustrous crystals decomposing at 273—274". li-Cholanedionccarb- 
uylic add dioxime, C M H 38 0 4 N 2 , sinters at 250° and decomposes 
it 273°. The iso oxime has in. p. 104°. The acid has in. p. 274— 
275°. ft, is prepared by the reduction of ji-cliolanetricarboxylic 
acid. By distillation of (3-cholanctricarhoxylic acid in a vacuum, 
l distillate is obtained from which, after repeated recrystallisation 
from acetic acid, a substance is obtained, m. p. 203 -207°. From 
mono-ethyl p-eholanetricarboxylate, the anhydride, C afi H 3S 0 6 , is 
obtained by distillation. G. W. R. 


Preparation of Hydroxyaryl Aldehydes. Hermann Haakh 
™; Pat. 157850). — Hydroxyaryl aldehydes are obtained by 
mating phenols with formaldehyde in presence of a nitroso- 
ompoiind and an acid condensing agent. An azo-methine is 
^ r, ncd intermediately, and decomposes into aldehyde and amine. 
°r example, 60 grams of guaiacol and 100 grams of nitrosodiethyh 
* me hydrochloride (or the corresponding amount of nitroso- 
eno ) j dissolved in 500 grams of methyl alcohol, are saturated 
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with hydrogen chloride and boiled in a reflux apparatus. Sevent 
grams of 23% formaldehyde solution are slowly added, and when 
the reaction is complete the alcohol is distilled off. From the 
residue, after boiling for a short time in feebly alkaline solutio 
followed by rc-aeidification, the vanillin is extracted with ether 
and purified in the usual way. G. i 1 , y 

The Allylci/cfohexanones and the Methylallylciyetohexaii. 
ones. R. Cornubert (Ann. Chim., 1021, [ix], 16, 141 — -220) — ^ 
A more detailed account of work already published (cf. A 1914 
i, 951, 969; 1920, i, 390, 485; this vol., i, 422; ii, 5). W. G. ' 

Action of Nitroso-derivatives on Unsaturated Compounds 

L. Alessandhi (Gazzetta, 1921, 51, ii, 129—144). — A fuller account 
is given of work already published (A., 1915, i, 555). 

The action of nitrosobenzene on estragole in the dark yjehjg 
the compound, C 16 H ] 5 0 2 N, which forms stellar aggregates of golden- 
yellow, prismatic needles, m. p. 165°. Nitrosobenzene and methyl, 
eugenol give the compound, C 17 H I 7 0 3 N, in stellar aggregates 0 ! 
highly refractive, yellow prisms, m. p. 154°, decomposing rapidly 
in direct sunlight, and nitrosobenzene and myristicin, the coni. 
pound, C 17 H 15 G 4 N, which forms groups of deep yellow scales 
m. p. 180°, and is decomposed gradually by diffused, and rapidly 
in direct, sunlight. 

In addition to the products named (!oc. cit.), azoxybenzene is 
formed by the action of nitrosobenzene on parsioy-apiole. 

The action of nitrosobenzene on faosafrole does not give (he 
N-phenyl derivative of piperonaldoxime, as would be expected 
from the course followed by the interaction of nitrosobenzene sad 
asarone (for, til.), but is accompanied by secondary oxidation 
and reduction, pipcronaldehyde being detectable among the pro- 
ducts, together with a substance yielding aniline when boiled with ' 
dilute acid. T. H. P. 

Unsaturated Compounds, III. Condensation of p-Amino- 
acetophenone and Acetyl-p-aminoacetophenone with Aro- 
matic Aldehydes. M. Giua and E. Bagiei.la (Gazzetta, 1921, 
51, ii, 116 — 125; cf. A., 1920, i, C7G). — By the condensation of 
p-aminoacetophenone or its acetyl derivative with various aromatic 
aldehydes in alcoholic solution containing sodium or potassium 
hydroxide, unsaturated ketones have been obtained (of. Scholtz 
and Huber, A., 1904, i, 253). These have been treated with bromine 
in order to ascertain if the presence in the aromatic ring of the 
group -NHR influences : ' any particular way the manner in which 
the halogen is added to the double linking. 

p-Benzylideneaminoaeetophcnone and the compound, m. p. US’, 
prepared from p-amiiu lacetophenone and benzaldchyde in alcoholic 
solution containing sodium hydroxide, have been already described 
by Scholtz and Huber (loc. cit.). The action of bromine on the 
compound, m. p. 143°, yields: (1) a compound, C 22 II 17 OXBr 4 , 
m. p. 145“ (crude), and (2) a pale yellow, amorphous compound, 
m. p. 209°, containing 59-67% of bromine. 

p-Anisylidemaminvacetophenone, OMe-CjHj-CHlN-CjHj-COCHj, 
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forms silvery needles, m. p. 124 — 125°, and gives an intense orange- 
■rllow coloration with concentrated sulphuric acid. 

- The compound, OMe-C 6 H 4 -CH:N-C 6 H 4 -CO-CH:CII-C fl H 1 -OMe, 
crystallises in yellow lamella;, m. p, 149 — 150°, and, like the com- 
jiound, m- P- 191 °i obtained by Scholtz and Huber from anisalde- 
j iv je and p-aminoacetophenone, forms a purple coloration with 
concentrated sulphuric acid. The action of bromine in chloroform 
solution on the compound, m. p. 149 — 150°, gives a pale orange, 
jisorphous compound containing 43-98% of bromine, the latter 
■enlacing hydrogen atoms of the aromatic nuclei as well as saturating 
-he double linking. 

D Cinnamylideneaminoacdopiienone, 

f chpii:ch-ch:n-c 6 h 4 -co-ch 3 , 

! orms lustrous, pale yellow plates, m. p. 126 — 127“. 

The compound, CHPh:CH-CH:X-C G H 4 -CO-CH:CH-CH:CHPh, ob- 
ainecl from cinnamaldehydc and p-aminoacetophenonc, forms 
xilden-yellow needles, m. p. 162 — 163°, and gives a reddish-violet 
■oloration with concentrated sulphuric acid. The compound, 
a. p. 191°, to which Scholtz and Huber ascribed this structure, is 
orobabiy the result of more advanced condensation. The hexabrom- 
he, CHPhBr-CHBrCH:N-C 6 H 4 -CO-CHBi-C'HBr-CHBr-CHPhBr, is 
i deep yellow, amorphous compound, m. p. 192“ (decomp.). 

Bmzylidenc-p-acetylaminoaeetophenone, obtained from p-acetyl- 
[minoacetophcnone and benzaldehyde, forms yellow crystals, 
m. p. 108°, and gives a reddish-yellow coloration with concentrated 
sulphuric acid; Rupe and Porai-Koschilz (A., 1900, i, 754) gave 
in. p, 179°. Its dibromide, ( H Ph Br-( H Br( hM,. H/N H 
crystallises in pale yellow prisms, in. p. 175“. 
Amxillidene-'p-aceti/laminoacelopheiione, 

OMe-(i c H 4 -CH:(:H-t'0<’ 6 H 4 -XH-CO-CH 3 , 
crystallises in yellow lamellae, m. p. 198°, and forms a red, oily, 
dibromide, which could not be purified. 
Cmamylickne-ii-acctijlaminotietloiihenone, 

CHPhX’iK'l 1 It :H-U)-C 6 H 4 -NHAc, 
jrms yellow crystals, in. p. IS3 — IS4 5 , reddens rapidly when left 
wist in the air, and gives a brick-red coloration w ith concentrated 
nlphuric acid. Its lelrabroniide, C 11) H 17 0 2 NBi , 4 , crystallises in 
rhite needles, m. p. 195" (dccomp.). 

In chloroform or benzene solution, einnamylideneacetophenone 
s converted by the action of light into a dimeric modification 
vhich, when heated, undergoes transformation into the mono- 
tcrido, isocinnamylideneacetophenone (Stobbe and Rucker, A., 
1911, i, 385). Attempts to prepare, in a similar way, the dimeride 

i cinnamylidene-p-acetylaminoacetophenone have proved unsuc- 
*1- T. H. P. 

The Influence of Steric Factors on Intramolecular Con- 
cation. Jajies Kenner and Ernest Witham (T., 1921, 119, 
— -1461). 

Crystalline Form of Trimethylphloretin. Maria De Angelis 
® «• Accai. Lined, 1921, [v], 30, i, 348— 301).— This com- 
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pound. C 6 H 2 0 3 Me 3 -C0-CHMe-C 6 H 4 -0H (compare Ciamician 
Silber, A., 1895, i, 538), forms crystals belonging to the prismatic 
class of the monoclinic system, a : b : c=0-4505 : 1 : 0-3410, 

71° 13'; d= 1-306. T. H. P. 

Migration of the Sulphonic Acid Group in Aromatic Mole, 
cules. Jh Martinet (Rev. gen. Mat. colomntes, 1921, 25, 49- 
51 ; from Chem. Zentr., 1921, iii, 224—225).— The sulphonation of 
anthraquinone takes place first in the a-position and then in tin. 
p-position. The formation of the (J-sulphonic acid is due to trans. 
formation from the a-acid. In the absence of other substances, 
the sulphonation of anthraquinone requires a fairly high temp aa ! 
ture, and under such conditions the rate of transformation of the 
a- into the p-sulphonic acid is of the same order as the formation 
of the a-acid, with the result that only the fl-acid is obtained. J n 
order to obtain the a-acid) it is necessary to employ a catalyst which 
lowers the temperature of sulphonation without influencing the 
rate of transformation of the a- into the p-acid. By the use of 
mercury in this way as a catalyst, the a-sulphonic acid can ht 
obtained at a lower temperature. That this explanation is correct 
was shown (in collaboration with A. Roux) by the fact that the 
a-sulphonic acid thus prepared is transformed into the P-acid at 
a higher temperature. The transformation also takes place even 
in the presence of mercury with suitable conditions of temperature 
and concentration. In order to obtain the 1 : 5-disulphonic acid, 
the reaction must take place at a higher temperature, and more 
sulphur trioxide must be used. G. W. R. 

Some Derivatives of Anthraquinonedi-imide. Leon Pieme 
George Keffler (T., 1921, 119, 1476 — 1482). 

Sesquiterpene Groups. II. Machilol and Atractylol. Seisi 

Takaoi (J . Pham. Soc. Japan, 1921, No. 473, 565 — 587).- 
By distilling Formosan Machilvs Kusanoi, Hayata (Lauracea), in 
steam, a light yellow, viscous oil was obtained. The fraction 14(1- 
170°/5 mm. was rccrystallised from dilute alcohol and sublimed 
in a vacuum, yielding a new sesquiterpene alcohol, Jiuichbl, 
C 15 H 26 0, white needles, m. p. 79—80°, b. p. 160°/14 mm., [«|+ 
30'08° in alcohol. The alcohol decolorises potassium permanganate 
and bromine solutions, but does not form an ester or phenyl- 
urethane. Bv reducing with hydrogen in the presence of platinum 
black in alcoholic solution, the alcohol gave dihydromadM , 
C 15 H 29 0, m. p. 82 — &? , b. p. 157— 158“/W mm., [«]!!+16'43’, m 
alcohol. By heating with formic acid, machilol yields madt- 
lent, C 15 H 24 , a colourless oil, iff— 0 9109, (ajf) | 58-73, iif,— 1'51257, 
by losing one molecular proportion of water. The product is, 
however, apparently a mixture of two isomerides, since the spec* 
rotation of the product is not constant, but varies according to 
the time and temperature of heating with formic acid.^ Mactmene 
yields tetrahydmrmchilene, a colourless, mobile oil, b. p. 132 /II - 1:1 
df =0-8964, [a]'/;-f 37-04°, <=1-48045, by reducing with hydrogen 
in glacial acetic acid solution, using platinum black as catalys . 
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jjy oxidation with dilute potassium permanganate in benzene 
solution, maehilol gave dihydroxymachilol, 0 15 H 26 0(0H) 2 ,H 2 O, 
white needles, m. p. 110° (anhydride., m. p. 107 — 108°), which gave 
a nm iobcnzoate t white, square plates, m. p. 142°, by the Schotten- 
Tjauinann method. 

Gadamer and Amenomiya (A., 1903, i, 353), described atrac- 
ylol as possessing no rotatory power, whilst the author found 
jut a sample of the compound isolated from Atractylis mala, 
Dumb-, bad [a]!)— 17'1° in alcoholic solution. The same sample 
>ave iihydroatraetylol, a colourless, viscous oil, h, p. 156 — 158°/ 
i mm., MK+14' 9 °> by reducing with hydrogen in glacial acetic 
Icid solution in the presence of platinum black; and alractyknc 
perhaps a mixture of two isomerides), a colourless oil, b. p. 108 — 
mm., df 0-9189, [a]g+78-25°, n'$ 1-51795, by heating 
vith formic acid. Atractyleno yields letrahydroatractylene, a colour- 
ess, mobile oil, b. p. 129— 130710 mm., d“ 0-9030,' [or ]g + 36-99°, 
,i! 149589, by reducing with hydrogen in the presence of 
Mnum black. On treatment by the same method as was used 
11 the oxidation of maehilol, atractylol gave i-dikydroxyalractylol, 
Ji S Hj 6 0(0H) 2 ,H 2 0, needles, m. p. 110° ( anhydride , m. p. 107— 
*08°), [«]', 5-25-34°, and a small quantity of the [3-isomeride, needles, 
n, p, about 78°, [*]“+ 24-68°. Both ct- and [3-compounds pro- 
ceed a monobenzoate., square plates, m. p. 142°, by the Schotten- 

Baumann method. Thus 
dihydroxy- and tetrahydro- 
maehilol are identical with 
dihydroxy- and tetrahydro- 
qjj atractylol respectively. 

^ (•/ Maehilol (annexed formula 

R'/ \/ \ C / I) a ™l atractylol (II) and 

U . ,jj . the corresponding hydro- 

carbons have therefore the 
iame constitutional skeleton, differing in the positions of the double 
xrads and the hydroxyl group. K. K. 

Swelling of Caoutchouc in Various Liquids. Wolfgang 
Dsiwald ( Kolloid Zeilsch., 1921, 29, 100— 105).— A theoretical 
paper in which an attempt is made to establish a connexion between 
the swelling power of a substance and some definite physical property 
pf the liquid which effects the swelling. The previously published 
esults of Busin (A., 1908, ii, 359) and Posnjak (A., 1912, ii, 912) 
0 the swelling of caoutchouc in a series of liquids have been used, 
is a first approximation, it is shown that the swelling power de- 
reases with increasing dielectric constant of the liquid. This is 
^pressed by the equation VO - D~K, in which Q is the swelling 
ower, I) the dielectric constant, K a constant, and n a number 
ttween 2 and 3. If n is chosen as 2' I (>, the mean value of K for 
so vents (0=2'3 — 81) is 50, with extreme values of 74 and 29. 
ese variations are regarded as accidental, and due in part to 
o»r Vi ' IICS i°f ^he dielectric constant. It is shown that swelling 
1 solubility cannot be directly compared, but swelling 
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power and the reciprocal of the solubility (Lbsungsmittelbedarp 
may. The similarity of the above relationship to the Waldcij 
relationship between the solubility and the dielectric constant 
D—V/J..K, is pointed out and discussed. J. F. g. 


Mechanism of the Action of certain Accelerants of the 
Vulcanisation of Caoutchouc. G. Bruni and E. Romani (jjjj 
if. Accad. Lined, 1921, |v], 30, i, 337— 344).— It has been commonly 
assumed that accelerators of vulcanisation are substances capable 
of reacting with the added sulphur to form polysulphides, which 
then yield their sulphur with liberation of the original accelerating 
compounds. This hypothesis has hern advanced in various forme 
by Ostromisslenski (A., 1910, i, 277), Kratz, Flower, and Cool idge 
(j. Ind. Eng. Chem., 1920, 12, 317), and Bedford and Scott ( J . Ini 
Eng. Chem., 1920, 12, 31). Most probably true is the view of the 
last of these authors, who distinguish between the two types of 
accelerators : (1) Bases forming polysulphides similar to yellow 
ammonium sulphide, and (2) thiocarbamides, dithiocarbamates, 
thiourams, mercaptans, and the disulphides formed from them by 
oxidation or by reaction with sulphur. To the latter group, which 
alone contains accelerators sufficiently active to be termed ultra- 
accelerators, must he added alkylxanthates (cf. this vol., i, 575). 

Thiouram disulphides are obtainable by the oxidation of dithio- 
carbamates of imines or by subjecting metallic dithiocarbamates 
to oxidation or to the action of sulphur : 

(NR 2 -CS-S) 2 51n+S=ZnS+(NR 2 -CS-S) 2 , j 
and this equation represents the, manner in which zinc alkyl- and 
aryl-dithiocarbamatcs act in the caoutchouc-sulphur mixture. 
Similarly, zinc alkylxanthates are able to function as ultra-acclcr- 
ators, since they readily undergo oxidation to form disulphides, 
(NRj'CS)^, which are perfectly analogous to those of the thio- 
urams, the so-called dixanthogens, (OR‘CS) 2 S 2 . It is thus definitely 
shown that the presence of nitrogen and the possession of basic 
properties are quite unnecessary in an accelerator. 

Ultra-accelerating effects are exerted in presence of metallic 

oxides also by the thiolhenzthiazolcs, for instance, 


and by the disulphides they yield on oxidation 



Since thiolbcnzthiazolc may he obtained in good yield by the 
action of sulphur on mcthyleneaniline (anhydroformaldehyde- 
aniline), the cause of U:j accelerating action of the latter is evident, 

Trisubstituted thiocarbamides are able to yield thiocarbimides, 
NHAr-CS-XIt , — > NAr!C!S+NHR,, and thus act as accelerators in 
the same way as the above compounds. On the other hand, tetra- 
substituted thiocarbamides, which do not undergo this reaction, 
are totally devoid of accelerating properties. 

The function of zinc oxide in favouring acceleration consists in 
the formation of the zinc salts of the thio-acids, these by the action 
of free sulphur losing the zinc as zinc sulphide and yielding the 
organic disulphides which are the true accelerators. T. H. R 
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Sols and Gels of Vulcanised Caoutchouc. Henry P. Stevens 
(J. Son. Ghent. Ind., 1921, 40, 186t — 190t). — Although vulcanised 
caoutchouc does not dissolve in the ordinary solvents, solutions 
of vulcanised caoutchouc can be obtained by heating solutions of 
raff caoutchouc with sulphur to the customary vulcanising tem- 
peratures. With xylene or toluene as solvent, combination of 
rubber with sulphur proceeds more rapidly than when benzene is 
used ; with a 10% solution of a mixture of caoutchouc and sulphur 
(i)0 : 10) in this solvent, the rate of combination is about half that 
with the dry mixture at the same temperature. Vulcanisation of 
u dilute solution does not cause auy great change in viscosity. 
Solutions of vulcanised caoutchouc prepared in this manner, on 
evaporation, yield films which refuse to redissolve in the solvent. 
If the solutions are too concentrated or if vulcanisation progresses 
too far, gelation occurs. Similar behaviour is observable in the 
vulcanisation of dissolved caoutchouc with sulphur chloride at 
the ordinary temperature. Vulcanisation in solution can also he 
effected, with the aid of heat, by trinitrobenzene in the presence 
o£ litharge. On exposure to light, the solutions of caoutchouc 
vulcanised with sulphur or sulphur chloride gelatinise, the effect 
being reversible in the dark; prolonged exposure to light may 
cause the primarily produced gels to liquefy owing to degradation 
of the caoutchouc. D. f. T. 

Phenolcoumarein and Resorcinolcoumarein. Sri Krishna 
(T., 1921, 119, 1420—1425). 

Arylated Pyridines and their Relationships to the Corre- 
sponding Pyrylium Compounds. II. Walther Dilthey 
[with G. Bauriedel, B. Burger, G, Geisselbrecht, F. von 
Ibacii, F. Kiefer, A. Sbeoeb, O. Simon, R. Taucher, and J. 
Winkler] ( J . pr. Chem., 1921, 102, 209—240 ; ef. A., 1920, i, 448).— 
Arylpyridines are readily accessible, since it lias been found that 
purely aromatic pyrylium salts and their pseudo-bases, like the 
corresponding aliphatic derivatives (ef. Baeyer and Piccard, A., 
1911, i, 901) are readily converted by ammonia into arylpyridines. 
Ihe yields are quantitative, when the pyrylium iron salt is decom- 
losed in a medium in which the pyridine produced is soluble. With 
ncreases in the number of phenyl groups present in the molecule, 
he basicity of the phenylated pyridine diminishes, or, at any rate, 
lie stability of the salts towards water becomes less. Simul- 
aneously, the addition of methyl iodide becomes more difficult, 
his behaviour is in striking contrast with the existence of tetra- 
M penta-phenylated pyrylium salts and is regarded by the author 
8 ™ther confirmation of his formulation of pyrylium salts in 
hich the acid radicle is regarded as attached to the whole of the 
fflamder of the molecule instead of to a specific atom. A further 
omt of contrast between pyrylium and pyridine compounds is 
'rod by the ready convertibility of the former into quinopyran 
-rn atrves, whereas the latter do not appear to he able to yield 
I iar compounds. In accordance with the conceptions of 
a isch (A., 1920, i, 34) the salts of the arvlnvridines are retarded 
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as non-ionised additive compounds. Such as have been analyg^ 
contain acid and base in molecular proportions, but indications ate 
not lacking that union can also occur with more than one molecule 
proportion of acid, the effect being hypsochromic. 

The following individual compounds arc described: i-pkenyl 
2 : Mi-j>-Morophe.nylpyridine (from a suspension of the 4-phe ny i. 
2 : 6-di-p-chlorophenylpyrylium iron salt and ammonia), slender, 
colourless needles, in. p.‘ 183° (hydrochloride, m. p. about 2o0°j 
■picrate, lemon-yellow needles, m. p. 236 ); 4 : H-diphenyl-s.tj, 

naphthylvyridinc, almost colourless needles, m. p. 1 24—- )2,y 
( picrate , yellow needles, m. p. 233 234 ) ; i-phenyl-2 : 6-ii-p. 
tdylpyridine, almost colourless crystals, m. p. 158 159° (hydro, 
chloride, nitrate-, picrate, pale yellow needles, m. p. 222°); 2:4. 
diphenyl-Q-j)-tolyl pyridin e, almost colourless, lustrous leaflets, ®, p 
121° ( hydrochloride , indefinite in. p., picrate, pale yellow prisms, 
m. p. 192°); 4 : (i-dipknyl- 2 -p-diphenylylpyndine, almost colour- 
less needles, m. p. 141° ( chloride . , decomp, about 130°; pic rote, 
yellow prisms, m. p. 180°) : 2 : tydiphenyl-i-p-anisylpyridine, lustrous 
leaflets, m. p. 100-101° (picrate, yellow crystals m. p. 192°; 
chloride] bromide)', 2 : ti-dipheiujU-tp-hydroxyphenylpyndtne (from 
the methoxy-compound and concentrated hydrochloric acid at 
160°), slender, colourless needles, m. p. 214—215° (picrate, yellow 
crystals, m. p. 219—220°; methiodidc, a relatively unstable sub- 
stance, m. ]i. about 190°, which is converted by sodium picrat-c into 
the corresponding picrate, yellow needles, m. p. 2)0'); 2 : 
phenyl-i-p-acetoxyphenyl pyridine, colourless crystals, m. p. 110— 
112° ( picrate , yellow, silky needles, m. p. 170 171); 4:M- 
phenyl-2-p-amsylpyridine, nr. -p. 100 — 102 (picrate, m. p. 210', 
chloride . ; bromide ; very unstable methiodidc ) ; 4 : ti-diphenyl. 

2-p-hydroxyphenylpyridinc, m. p. 189 — 190° (chloride, greenish- 
yellow needles; picrate, yellow crystals, m. p. 243—244°; softs 
salt (+4H 2 0), colourless, silvery leaflets, (anhydrous) lemon- 
yellow powder; potassium salt; melhiodide, coarse, greenish- 
yellow crystals, m. p. 208—210°, and the corresponding picrate, 
yellow crystals, m. p. 194°) ; 4 : 6-diphenyl-2-p-acetoxy phenyl- 

pyridine, colourless needles, m. p. 113 — 114°; H-phenyl-2 : 44-p- 
anisyl pyridine , colourless crystals, in. p. 108 110 ( picrate , lemon- 

yellow prisms, ui. p. 174 — 1 /6° ; bromide, slender, colourless noodles , 
chloride ) ; H-phe.nyl.-l : Uli-p-hydroxyphenyl pyridine (from the pre- 
ceding compound and concentrated hydrochloric acid at 160— 
180°), almost colourless needles, m. p. 222° (picrate, lemon-yellow 
prisms, nr. p. 245°; romide , yellow needles; chloride, di-acetyl 
derivative, m. p. 140 — 141 , and its picrate, small, yellow needles, 
m. p. 172°; dibenzoyl derivative, colourless needles, m. p. 147- 
149° ; methiodidc, unstable, yellow crystals, nr. p. 193—194° and the 
corresponding picraie, yellow needles, rn. p. 198—200 afer 
undergoing alteration at 134°) ; i-phenyl-2 : H-di-p-anisylpyrane, 
slender, silky needles, m. p. 133—134° ( picraie , yellow needles, 
m. i). 193—194" ; chloride, greenish-yellow needles, m. p. (indefinite) 
138—155°; bromide, m. p. about 160° (indefinite); very unstable 
methiodidc)-, i-phemjl-2 : 6-di-p-hydroxyphenylpyridinc (from me 
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-nethoxy-compound and hydrochloric acid), almost colourless 
jlky needles, m. p. 228 — 229°, ( di-potassium salt, colourless needles ; 
derate, m. p. 256° ; chloride, yellow needles without definite melting 
3 oint and the analogous bromide, methiodide , m, p. 228 — 229° 
lecomp. and the corresponding picrale, orange-yellow crystals, 
a, p. 250 — 252 ; di-acetyl derivative, colourless crystals, m p 
[47—148° and its picrale, yellow prisms, m. p. 157—159° ; dibenzoy'l 
impound, m. p. 206 — 207°) ; 2:4: G-tri-p-anisylpyridine, colour- 
ess, silky needles, m. p. 133° (picrale, yellow needles, m, p. 196° ; 
■Monde., m. p. above 150°; bromide, m. p. about 190°, indefinite; 
instable methiodide, m. p. about 148°); 2 : 4 : Uri-p-hydroxy- 
'iknylpyniine, yellowish-white needles, in. p. 282° (picrale, m. p. 
ibout 293° ; chloride, yellow needles, m, p. 253°, indefinite ; bromide, 
a, p. 334°, indefinite; methiodide, yellow, prismatic crystals, m. p! 
ibout 228—230 ; tri-acetyl derivative, colourless prisms, m. p. 
:58° and its picrate, yellow needles, m. p. 182°). H. W. 

Preparation of Aralkyl Esters of 2-Phenylquinolme-4- 

jarboxylic Acid. Society of Chemical Industry in Basle 
Brit. Pat, 167066).— The aralkyl esters of 2-phenylquinoline-4- 
snboxylic acid, for example, the benzyl ester, whilst having all 
;he advantages of the alkyl or aryl esters, are, in addition, much 
setter solvents of uric acid. They may be prepared by any of 
;he known methods of esterification. Benzyl 2-phenylquinoline-i- 
wboxylate, prepared, for example, by the action of 1-25 parts of 
aenzyl chloride on 2-5 parts of the sodium salt of the acid suspended 
a 10 parts of acetone, forms, after suitable purification, citron- 
fellow crystals, m. p. 77—78°, insoluble in water, but soluble in 
hydrochloric acid, ether, benzene, or oils. G. F. M. 


Preparation of Disubstituted 2 : 4-Diketotetrahydro-ox- 
azoles. SocrfTf. Chimique des Usines du Kh6ne anct. Gilliard 
>. Momet & Cartier (Brit. Pat. 159153).— Disubstituted deriv- 
tives of 2 . 4-diketotetrahydro-oxazole of the general formula 

® ^qo-kh are l>y the action of chloroformic ester 


u the correspondingly disubstituted glycollamide, preferably in 
be presence of an alkali carbonate and a neutral organic solvent, 
or example, 450 grams of phenylcthylglycollamide dissolved in 
litres of toluene, after about three hours’ boiling with 700 grams 
f anhydrous potassium carbonate and 300 grams of ethyl chloro- 
irrnate added gradually during two hours, give a product from 
rich, on treatment with water and sulphuric acid, a nearly 
Metical yield of a crystalline mass of 5 : 5-phenylethyl-2 : 4- 
Ketotetrahydro-oxazole is obtained. This is purified by distilla- 
ri m a vacuum (b. p. 176°/3 mm.) and the distillate on coohng 
i , , ? crystalline mass, m. p. 63°. These oxazoles are slightly 
oie m hot water and form very soluble, well characterised salts 
^ neutralised with the hydroxides or carbonates of the alkalis 
aline earths. They have hypnotic and narcotic properties. 


V °L cxx. i. 


G. F. M. 
e e 
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A Comparison of some Isomeric fsoCyanines. Frances 

Mary Hamer (T„ 1921, 119, 1432-1444). 

Constitution of the Cyanines. W. Konig and 0. Treich®, 
(J vr Chem., 1921, 102, 63-84).-The presence of two intact 
quinoline rings in the cyanines and isocyanmes was original], 
formulated by Kdnig (A„ 1906, i, 207) and largely confirmed by ft, 
work of Kaufmann (A., 1911, i, 328; 1912, i, 502). Certain C o n . 
siderations, which are fully outlined in the original, had led Konfg 
(A. 1912 i, 729) to take into consideration alternative tormul® in 
which one of the quinoline nuclei has suffered fission of the pyridine 
rinw and in accordance with which the cyanines and wocyanines 
are” to be regarded as condensation products of monoalkylamuio. 
cinnamaldehydes with quinaldinium or lepidimum salts. The 
authors have therefore endeavoured to prepare synthetically 
dialkvlated substances of the latter type for purposes of spectro- 
scopio and chemical comparison with the cyanines and isoeyanmes. 
This aim has not been completely achieved owing to the inability 
to obtain o-dimethylaminocinnainaldchyde. It is shown, however, 
that the absorption curve, in the ultra-violet of a solution oi 

p-dimethylamiiiocinnamylideneqiunaldme methopcrchlorate de- 
colorised by hydrochloric acid is widely different from that of a 
similar solution of isocyanme, and that the latter cannot therefore 
have the “ chain ” structure. Moreover, since p- and o-dimethyl 
amino benzylidenequinaldine methoperchlorates show identical 
ultra-violet absorption curves (after being decolorised by hydro, 
chloric acid), it follows by analogy that the cyanines also do not 
contain the open chain. This result is in complete harmony witk 
the observations of Mills and Evans T., 19-0, 117, 1035). 

The scope of the investigation has been extended so as to moludr 
the examination of a series of condensation products of dimethyl 
aminobenzaldehyde and dimethylammocinnamaldehyde with and 
7 -methykt/cioammonium salts. The authors are drawn to the 
conclusions that (I) o-dimethylamino-compounds are not true dyes 
to the same extent as the corresponding para-derivatives, the abffliyj. 
tion curves of which liave a much more selective character; (2) fk 
substitution of the a '-phenyU-methylpyndine residue for be 
quinaldine residue has a marked hypsochromic effect; 3 
replacement of a cyclic vinylenc group by a sulphur atom has littfe 
influence on the absorption; (4) the streptostatic introduction o 
the vinylene group causes a displacement of the maximum i 
absorption towards .he region of longer wave-length without 
materially altering the form of the curve. , ,,i 

The following individual substances arc described 4-wtyi- 
Jnaine m. p 153’; 

methopercMorate, colourless needles, m. p. 178 , ,. . 

methoperchlorate,m. p. 149’; 1 .mdhyWmzothmzole ,ne.0u>peM 

chlorate, red plates, m. p. 274°, and its hydrogen 

needles m p 231°; p-dimf.thyfamiiiobenzylukne-2-nuithytqw’M 

:Si 

quinoline mdhoperchbrate, green prisms, m. p. 233 , p 



ORGANIC CHEMISTRY. 


i. 739 


afflinobenzylidene-l-methylbenzothiazole metkoperchlorate, red needles, 
m p. 245° ; p-dimethylaminobenzylidene-Q-phenyl-2-methjlpyridine 
ml lloperddorate, yellowisli-red needles, m. p. 189°; o -dimethyl- 
0 i inobenzylidene-i-methylquinoline mcthopcrchlorate , red needles, 
w p. 186°; o-dimcthylaminobenzylidene-l-methylbenzothiazole mctho- 
,,rrdi lorata, red leaflets, m. p, 184° ; p-dime.thylaminocinnamylide.nc- 
{^llylquinoline mdhopercklorate, lustrous, green crystals, m. p. 
^43° ; p-ii^thylamimcinnamylirlem - 1 -rnelkylbenzothiazole methoper- 
'cMorate, m. P- 244° ; methylimcyanine perchlorate, needles, decomp, 
above 210°. The dyes are generally prepared by the protracted 
heating of solutions of molar amounts of the components in methyl 
or ethyl alcohol in the presence of piperidine as catalyst ; in certain 
cases, acetic' anhydride is to be preferred to the latter. H. W. 

Pyro-condensations in the Pyridine Series. Hans Meyep. 
and Alice Hofmann-Meyer ( J . pr . Chem., 1921, 102, 287 .294; 
cf. A., 1917, i, 641 ; 1918, i, 66). — Pyridine is decomposed at a bright 
red heat, yielding mainly 2 : 2'-dipyridyl, m, p. 69°, small quantities 
of 2 : 3'- and 2 : 4'-dipyridyl being also formed. The only produet 
from 2-methylpyridine which could be characterised definitely is 
(1:6' -dimethyl 2 : 2'-dipyridyl, but oxidation of the crude product 
shows that pyro-condensation in this case, in contrast with that of 
toluene, results essentially in the union of the nuclei, which is in 
accordance with the known greater stability of the methyl group 
in the 2'-position attached to the pyridine nucleus. 2 : C-Himethyl- 
pyridine gives a tetmmethyldipyridyl, colourless needles grouped in 
•osettes, m. p. 55°, of unknown constitution. 2:4: 0-Trimethyl- 
pyridine yields a hexametkyUipyridyl ( monohydrate, , colourless solid, 
in p. 66—69°) and an oil which resembles quinoline in odour, but 
rom which a uniform material could not be isolated. H. W. 


1-Vinylbenziminazole. Jakob Meiseniieimer and Bruno 
JVieoer (J. pr. Chem., 1921, 102, 45 — 02). — A record of further 
ittempts to obtain stereoisomeric compounds containing tervalent 
iitrogen (cf. A., 1920, i, 761). The introduction of aside chain of 
Jwo or three carbon atoms to one of the nitrogen atoms of tetra- 
jydroqumoxaline proved exceptionally difficult, since only resinous 
jroducts, from which a homogeneous material could not be isolated, 
■suited from the application of ethylene bromide, ethylene chloro- 
■omide, glycol clilorohydrin, propylene clilorobromide, or |3- 
iloropropaldehyde acetal. It was also found impossible to protect 
lo of the imino-groups by acetylation or benzoylation, since only 
le di-substituted products could be prepared. Benziminazole, on 
ic other hand, was successfully transformed into 1 -p-iocloetliyl- 

i nziminazole, 51 <;( ( ^ p 0N'CH 2 -CH.,I which, however, did not 

a- suffer intramolecular alkylation to a compound 

U / * °f the annexed type when treated with alcoholic 

1 V „ ,ni potassium hydroxide, but lost hydrogen iodide 
with formation of 1-vinylbenziminazole. The 
iodide, when heated by itself, undergoes inter- 
, molecular alkylation, yielding a polymeride of the 

”cd substance of the type : 


'S 


/CH 2 

•I 


\ 


ee 2- 
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CH- 

C„H, 


>N-CH a -CH 2 -NI<£ I { I >N-CH 2 -CH 2 -NI<”^ >N. C H, 


2’CHj- 


Tetrahydroquinoxaline is converted by benzoyl chloride ■ 
acetone solution into dibenzoylteimhydroquinoxaline, m. p. 201-5° 10 

Benziminazole is very readily prepared by the action of f or ' • 
acid on o-phenylenodiamine if the initial materials are pure- ■* 
gives a picrate, slender, golden-yellow needles, m. p. 223°. Jj’ “ 
be converted into l-fi-hydroxyethylbenziminazole by treatment wit? 
an excess of glycol chlorohydrin at the laboratory temperature 1 
the presence of aqueous aLkali, by heating the components in toluen* 
solution or, less advantageously, by heating without a solvent 0 
The most satisfactory process, however, consists in ^hc union of 
benziminazole with ethylene oxide in the presence of a little water 
the formation of by-products being almost entirely avoided if n’ 
temperature is kept sufficiently low. The crude material is purified 
by way of the picrale, pale yellow needles, m. p. 204°. Pure N r - 
hydroxyethylbenziminazole has m. p. 107 — 108° (hydrochloride 
coarse, colourless needles, m. p. 183 — 184°, platinichloridc . , orange.’ 
red prisms, m. p. 189—190°). It is converted by boiling fumL 
hydriodic acid (d 1'99) in the presence of red phosphorus into 
1 ■$-iodoethylbenzimimzole hydrwdide, ra. p. 174 — 175° a f^ r 
softening at 170°. The corresponding free base is a pale yellow 
viscous liquid which, on account of its instability, could not be 
purified completely; it gives a picrale, m. p. 196—197° (decomn) 
The hydriodide is converted by boiling methyl alcoholic sodimii 
methoxide solution into 1-vinylbenzimimzole, b. p. 144 — 146712 
mm., which rapidly darkens when exposed to light and air, but can 
he preserved in a vacuum for a considerable period without change. 
It is converted by concentrated hydriodic acid into 1 -p-iodoethvl- 
benziminazole and by boiling dilute hydrochloric acid into the 

corresponding ethanol. It gives a picrale, m. p. 194 195° 

(decomp.), and a pktimchloride, decomp. 240—245°. 

1-P-Iodoethylhcnziminazole becomes converted at 100“ into the 
colourless, amorphous polymeric iodide, m. p. above 360°; the 
corresponding picrale does not melt below 360°. Attempts (0 
isolate a homogeneous free base were unsuccessful. H. W. 


spfro-Pyrimidines. II. cj/eloHexane-l:5-spiropyrimidines. 

Arthur W. Dox and Lester Yoder {.}. Amer. Chem. Soc., 1921, 
43, 1366 — 1370; cf. this vol., i, 360). — ot-«-Dibromopentanc was 
prepared by a slight m. dification of von Braun’s method (cf. A., 
1904, i, 841), using phosphorus tribromide and benzoylpiperidine, 
and subsequently removing the benzonitrile from the dibromo- 
pentane by shaking the mixture with cold concentrated sulphuric 
acid. oc-t-Dibromopentane condenses with ethyl malonatc (loo. oil .) 
to give ethyl cyciahexune-l : l-dicmboxylale, 1>. p. 105— 106°/5 mm, 
the corresponding amide having m. p. 237°. The ester condenses 
with carbamide to give cycloA&ra«e-l : 5-spiro-2 : 4 : 6-triklo- 

hexaheydropyri midine, C < cq.xh> ( -' 0, m ' P ' 281 °’ 
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and with guanidine giving cyclofeua»e-l : 5-spiro-2-tm'no-4 : 6- 
jihetohexahydropyrimidine . \y. G. 

Action o£ Anhydrous Hydrazine on Nitriles. Ernst 
jliiGMR and Leonhard Herrdegen (J. -pr. Chan., 1921, 102, 
113 — 155). — The action of hydrazine on an extensive series of 
liphatic and aromatic nitriles has been investigated. In the 
inner group, the ability to react declines rapidly with increasing 
lolecular weight of the nitrile. The course of the change may be 
presented by the general scheme : 

2E^c;n 2r-ccnh)-nii-nh 2 
r-C(:n-nh 2 )-nh-nh-c(:n-nh 2 )-r 

R - C <NH-NH> C - R * R '°^N{NH^ C ' R - 

3 : 6-Dimethyldihydro-l : 2 : 4 : 5-tetrazine and 3 : 6-dimethyl- 
itrazine are prepared by the method of Curtius, Darapsky, and 
[iiller (A., 1916, i, 84); the absorption spectrum of the latter has 
een investigated. It is hydrolysed by boiling dilute acids in a 
omplicated manner, yielding nitrogen, hydrazine, and acetic acid ; 
lie formation of acetaldehyde or ammonia could not be established, 
’ropionitrile and hydrazine slowly yield 3 : 6-dielhyldihydro- 1 : 2 : 4 : 5- 
; traiine, which was not isolated in the homogeneous condition, and 
-amino-2 : 5-diethyl- 1 : 3 : 4-triazole, colourless, silky needles, m. p. 
60”. The former is oxidised readily to 3 : 6-diethyltctrazine, which 
ould only be obtained as a viscous, red liquid ; it is hydrolysed by 
cid in the same manner as the dimethyl compound. Butyronitrile 
ad hydrazine give the corresponding tetrazine in too smalfquantity 
o permit further investigation, whilst tsovaleronitrile does not react 
lerceptibly with hydrazine, even after protracted heating. 

3 : 6-Diphenyldihydrotetrazine, m. p, 191°, is produced from benzo- 
ritrile and anhydrous hydrazine readily at 100°, slowly at the 
itmospheric temperature, and is transformed by nitrous acid into 
1 : 6-diphenyltetrazine, m. p. 195°; the latter is hydrolysed by acid 
vith the formation of nitrogen, hydrazine, benzaldehyde, benzoic 
icid, and 2 : 5-diphenyl-l : 3 : 4-oxadiazole, in. p. 137—138°, but the 
'dative amounts of these products indicate considerable complexity 
n the change, 

The slow formation of a tetrazine is observed when a mixture of 
benzyl cyanide and hydrazine is boiled for several days, but the 
product could not be isolated in substance, l-amino-2 : 5-dibenzyl- 
L 3 : 4-triazole, m. p. 166-5°, being obtained in its place. The com- 
ponents do not react with one another at the laboratory temperature. 

P-ioluonitrile is slowly transformed into di-p-t-olyldihydro tetrazine, 
p™ yellow needles, m. p. 223°, which is converted by nitrous acid 
i^^'P'^M^trazine, m, p.-232°. m-Toluonitriie readily yields 
■^■^■t°lyldihyd ro -l:2:i:o-letrazine, small, golden-yellow needles, 
m' t aRer darkening above 159°, which is hydrolysed by 

orotrated hydrochloric acid initially to hydrazine chloride and 
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2 : 5-di-w-tolyI-l :3 : 4-oxadiazolc, m. p. 72 73°, after softening at 
07°, and ultimately to hydrazine and m-toluic acid. It is readily 
oxidised to 3 : 6-di-m-idyl-l : 2 : 4 : 5-tetrazine, red needles, m. „ 
150 — 152°, which is converted by boiling dilute acid into nitrogen 
hydrazine, and m-toluic acid, m-tolua!dehyde appearing not to be 
formed. Protracted ebullition of a mixture of m-toluonitrile and 
anhydrous hydrazine leads to the production of 1 -amino-2 : 5-di-m. 
tolyl- 1 : 3 : 4-triazole, colourless leaflets, m. p. 176—177° (deoomp.) 

0- Toluonitrile, on the other hand, does not appear to react with 
anhydrous hydrazine. 

( 3 -Naphthonitrile reacts in the same manner aB p-toluonitrile, 
yielding 3 : 6-di-p-naphthyldihydrotetrazine, slender, yellow needles^ 
in. p. 239—240°, which is readily transformed into 3 : 6-dfy-naphthji 
tetrazine, red crystals, m. p. 249°; the dihydro -compound is con- 
verted by boiling acids, to a small extent only, into hydrazine and 
P-naphthoic acid, the main hydrolysis occurring in the direction of 
hydrazine and 2 : n-di-fi-naphthyl-l : 3 : 4-ocadiazole, m. p. 210— -211°. 

When absolute hydrocyanic acid and anhydrous hydrazine are 
mixed very cautiously at the temperature of a freezing mixture, the 
very unstable diammonium cyanide , N 2 H 5 -CN, is obtained as a colour- 
less, crystalline mass, m. p. 17° (of. Franzcn and Lucking, A., 1911, 
ii, 285). If it is melted and subsequently heated to 55°, a yellow 
liquid is produced which solidifies in a vacuum to a yellow, 
crystalline substance, probably diinethinehydrazodihydrazonc, 
NH 2 -N:CH-NH-iNH-CH:N-NH 2 , formed in accordance with the 

scheme CH(:NH)-NfI-NH 2 CH(:N-NH 2 )-NH-NH, + 

ch<:nh)'NH-nii 2 nii 2 -n:ch-nh-nh-ch:n-nh 2 . The 

main evidence of its constitution rests on its conversion into a 
bemylide.ne derivative, m. p. 99°, after softening at 94°, of approxim- 
ately the expected composition. When the dimethine compound 
is treated with sodium nitrite and acetic acid, it is converted into 
1:2:4: 5-tetrazine, which, on reduction with zinc dust in ethereal 
solution, passes into dihydrotetrazine, m. p. 117—119°, whereas 
Curtius, Darapsky, and 'Muller (loc. cit.) give m. p. 125 — 126°. 

1 - Amino- 1 :3:4-triazole, ni. p. 83°, is formed when diarnmoniura cyan- 
ide is heated at 120° until ammonia is no longer evolved. H. W. 

Reduction of Aromatic Azo-compounds and Nitro-com- 
pounds. Tom Sidney Moore (Brit. Pat. 165838).— Aromatic 
azo-compounds and nit o-compounds arc reduced to amines by 
the action of a relatively large quantity of iron filings or borings 
in presence of water and a relatively small quantity of sulphur 
dioxide, considerably less than would be required to generate a 
quantity of ferrous hyposulphite sufficient to effect the reduction. 
For example, p-nitrophenol (1 part) is reduced to p-aminophenol 
by boiling with 4 parts of iron and 5 parts of water, 0-2 part of 
sulphurous acid in aqueous solution being gradually added during 
one hour. When reduction is complete, sodium carbonate and 
sulphite are added, and the boiling solution is separated from the 
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iron sludge by filtration. White crystals of the amine are de- 
posited from the filtrate, and the total yield amounts to about 
80% theoretical. The probable course of the reaction is 

n ot indicated. In a similar way, p-aminophenol and sulphanilic 
acid are obtained by the reduction of sodium p-hydroxyazobenzcne- 
p.sulphonate, 2 : 4-diaminophenol from dinitrophcnol' the phenyl- 
encdiamines from the nitroanilincs, etc. G. F. M. 

Isonitriles. I. Compound of p-isoNitriloazobenzene [p- 
Carbylaminoazobenzene]. M. Passerini ( Gazzetta , 1921, 51, 
ii, 126—129). — When p-carbylaminoazobenzene is treated, in 
acetone solution, with acetic acid and hydrogen peroxide (this 
vol., i, lOflj confinement of the oxidising action solely to the iso- 
nitrilo-group takes place to only a very small extent; the reaction 
yields, indeed, a very small proportion of 4 : 4 / -carbaminoazo- 
benzene, which is evidently formed by the action of the water, 
introduced with the hydrogen peroxide, on the azobenzene p-earb- 
iraidc formed by oxidation of the isonitrile. The principal product 
of the reaction consists of tiie acetyl derivative of hydroxyiso- 
butyryl-p-aminoazobenzene, NPhlN'Cyi.pNH-CO-CMeyOAc, m. p. 
147—148°; the formation of this compound, which yields hydroxy- 
wbiityryl-p-aminoazobenzenc on hydrolysis, is probably preceded 
by that of a labile additive compound of acetic acirhailfi acetone, 
0"H'CMe 2 -OAo, this then reacting with the i'sonitrile ; that the 
acetone does not act first as hydrate and the acetic acid subsequently 
is shown by the fact that the reaction takes place in a medium as 
nearly dry as possible and by the difficulty experienced in acetylating 
the hydrolysed product. 

The compound, m. p. 222 -223°, obtained from benzaldehyde 
and p-carbylaminoazobcnzene, and previously regarded as an 
additive compound (lor. cit..), is probably of similar structure to 
that given by acetic acid, ils formation being due. to the presence 
of benzoic acid in the aldehyde used ; an increased yield is, indeed, 
obtained when benzoic acid is employed in place of benzaldehyde! 

T. H. i>. 

The Action of Diazonium Salts on Benzene- and p-Toluene- 
sulplionyl Derivatives of Acetic Acid, Ethyl Acetate, Aceto- 
nitrile, and Acetamide. J. Troger and A. Berxdt (J. pr. 
Chem. t 1921, 102, 1 — 3.7). — The addition of a solution of benzene- 
diazonium chloride to benzenesulphonvlacetonilrile dissolved in 
™ equivalent quantity of aqueous sodium hydroxide or to an 
alcoholic solution of the nitrile in the presence of concentrated 
aqueous sodium acetate solution leads to the formation of benz- 
Kmphoiiylbenzcnmzoacelomtrile, i30,Ph-CII(-X,,Ph)-CX, or the 
tenylkydrazme of benzenesulphontjlfonnyl cyanide, 
S0 2 Ph-C(:N-NllPh)-CN, 

ioWen-yellow, prismatic needles, m. p. 1G0° [the sodium salt, yellow 
[Uadratic leaflets ( |-2H 2 0), potassium, lead, and silver salts of 
vmcb were analysed]. Similar methods lead to the production of 
, 0 owm g substances which, for the sake of brevity, are cited as 

compounds, although the possibility of their hydrazone nature 

ee* 2 
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is by no means excluded : benzenesulphonyl-m-tolueneazoacetonitrik 
coarse, dark-red needles, m. p. 153 — 154°, and its sodium (+2H,,0)' 
potassium, lead, and silver salts ; benzenesulphonyl-o-tolueneazoaxeto’. 
nitrite, yellow or brownish-red crystals, m. p. 154°, and its sodium 
and potassium salts, which can be prepared in the absence of water ; 
benzenesulphonyl-p-tolmneazMcetonitrite, red, prismatic needles, 
m. p. 172°, and its sodium (+2H 2 0), potassium, lead, and silver 
salts; benzenesulphonyl-o-methoxybenzeneazoacetonitrite, small, rust- 
brown needles, in. p. 165°, and its sodium, potassium, lead, and 
silver salts ; benzemsulphonyl-p-melhoxybenzeneazoacetonitrile, small, 
pale yellow needles, m. p. 159°, and its sodium and potassium salts; 
benzenesulphonyl-as-m-xylcneazoacetonilrile, brownish-rgd leaflets, 
m. p. 164 — 165°, and its sodium, potassium, lead, and silver salts; 
benzenesulphonyl-p-ethoxybenzencazoacetonitrile, ruby-red needles, 
m. p. 173°, and its sodium , , potassium (4-2H 2 0), lead, and silver 
salts ; p-toluencsulphonyWenzmeazoaxetonitrile, golden-yellow, 
lustrous needles, m. p. 144°, the alkali salts of which could not be 
isolated, even in the absence of water; p-tohienesulphonyl-o-tohene- 
azoacetonitrile, small, greenish-yellow, prismatic needles, m. p. 152°, 
the alkali salts of which could not be isolated ; p-tolumesulphonyl 
m-tolueneazoacetonitrile, yellowish-brown prisms, in. p. 135°, and 
its sodium salt (+2H 2 0); p-tolucnesulphmyl-p-tolueneazoacelo- 
nitrite, yellow, prismatic needles, m. p. 154°, and its sodium salt 
(4-2H 2 0) ; p-toluenesulphonylo-melhaxybenzeneazoacctonitrile, yellow, 
prismatic needles, m. p. 176°, and its sodium salt (-(-2H 2 0); p. 
toluencsulpkonyl-p-methoxybenzeneazoacelonitrile, egg-yellow crystals, 
m. p. 145°, and its oily sodium and potassium (+H 2 0) salts; p. 
toluenesulphonyl-p-elhoxybenzeneazoacetonitrite, prisms, m. p. 143°; 
p-toluenesulphxmyl-s,s-m-xyleneazoacetonitrile, pale yellow crystals, 
in. p. 151°. 

All the nitriles described above are unusually stable towaids 
hydrolysing agents, and it was not found possible to secure con- 
ditions under which the cyano- was converted into the carboxyl 
group without profound change in the remainder of the molecule, 
In the hope of securing a path to the acids, the action of diazoniim 
salts of the benzene- and p-toluenc-sulphonyl derivatives of ethyl 
acetate was therefore investigated. In this case, the sodium acetate 
method is not applicable, and the following compounds were pre- 
pared by the neutralisation of the mineral acid liberated during 
coupling by cautious addition of sodium hydroxide solution: 
ethyl benzenesulphonylbe' zeneazoaedate, SO,Ph , CH(-N 2 Ph)-C0 2 Et, 
or the phenylhydrazom of ethyl benzenesulphonylylyoxylate, 
S0 2 Ph-C(N-NHPh)-C0 2 Et, 

yellow prisms, m. p. 140°, and its sodium salt, which can he pre- 
pared only in the absence of water; ethyl benzenesulpknyl-p 
lolueneazoacetate, dark yellow, prismatic needles, m. p. 128°; ethyl 
benzenesulphonyl-m-tolueneazoacetale, small, pale yellow needles, 
m. p. 102°; ethyl benzenesulphonyl-o-lolueneazoacetate, reddish- 
yellow prisms, m. p. 120°; ethyl benzenesulphonyl-p-methoxybenzene- 

azoacetate, reddish-brown prisms, m. p. 147°; ethyl bmzaml- 
phonyl-o-methoxybenzeneazoaeetate, greenish-yellow, silky leaflets, 
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m . p. 143° ; ethyl benzenesulphmyl-p-ethoxybenzeneazoacetate, small 
prisms, m. p. 134°; ethyl benzehesulphonyl-&s-w-xyleneazoacekUe, 
reddish-y e U° w leaflets, m. p, 146°, and its sodium salt; ethyl p. 
loluenesulphonylbenzeneazoacetate, orange-yellow needles, m. p, 134°; 
ethyl p-toluenesulphonyl-p-tolueneazoacelate, dark orange crystals, 
Di, p. 129°; ethyl p-toluenesulphonyl-m-lolueneazoaceiate, pale brown 
prisms, m. p. 155°; ethyl p-toluenesulphonyl-o-toluencazmeekde, 
slender, yellow prisms, m. p. 132°, and its sodium salt; ethyl p- 
tdwnemdphmyl-o-methoxybenzenmzoaeetate, dark green, silky 
needles, in. p. 157°; ethyl p-loluencsulphonyl-p-methoxybenzeneazo- 
acetatx, greenish-brown prisms, m. p. 144° ; ethyl p-toluenesulpkmyl- 
n-ethoxybenzeneazoacetate, reddish-brown crystals, m. p. 140°; 
ethyl p-toliBnes-idphonyl-as-m-xyleneazoacetate, tile-red prisms, m. p. 
159°, and its sodium salt, 

Attempts to isolate uniform products by the hydrolysis of the 
esters just described were not successful, and the preparation of 
the acetamide derivatives was therefore undertaken. In this 
instance, the use of sodium acetate and sodium hydroxide respec- 
tively leads to the formation of different substances of the same 
percentage composition ; it is considered, with some reserve, that 
the products obtained by the former method arc analogous with 
those from the nitrile or ester. The following individuals are 
described : benzcnesulpbxmylbmzeneazoaeetamide, 
S0 2 Ph-CH(N 2 Ph)-C0-NH 2> 

or the pTwnylhydrazonc of benzenemlphonylylyoxylarnide, 
S0 2 Ph-C(N-NHPh)-C0-NH 2 , 

yellowish-brown crystals, m. p. 158°, and its sodium salt; benzene- 
sidphonyl-m-tolueneazoaeetamide, reddish-brown, pointed needles, 
m. p, 152°, and its sodium salt; benzenesulphonyl-o-tolueneazoacet- 
amide, slender, pale-yellow needles, m, p. 181°; benzenmtlphonyl- 
p-toheneazoacetamide, tile-red, prismatic needles, m. p. 195° ; benz- 
msulphonyl-’p-methoxybenzeneazoacetamide, reddish-yellow, quad- 
ratic crystals, m. p. 151°; benzetmulplwnyl-o-meihoxybenzenmzo- 
iKetamide, golden-yellow needles, m. p, 102°; benzenesulphonyl-p- 
ilwxybtnzeneazoaeetamide, pale yellow, quadratic crystals, m. p. 
174° ; benzeywsulphonyl-as-m-xyUneazoacs.tamide., golden-yellow, pris- 
natic needles, m. p. 204°; p-toluenesulplioiujlhenzeneazoacetamide, 
■eddish-brown, lustrous prisms, m. p. 134°; p-toluenesulphonyl- 
V-tohermzoacetamide, brownish-red crystals, m. p. 170° ; p -toluene- 
wlphonyl-m-tolueneazoacetamide, yellowish-brown crystals, m. p. 
158°; p-toluenesulphonyl-o-tolueneazoacetamide, yellow needles, m. p. 
169° ; p-toluenesulphonyl-p-methoxybenzeneazoaeetamide, ruby-red 
needles, nr. p, 151°, and its sodium salt; p-toluenmdphonyl-o 
welhxybenzeneazoacetamide, blood-red crystals, m. p. 162° ; p- 
tolwnmlphonyl-p-ethoxybenzeneazoacetamidc, blood-red crystals, 
m - P- 164°; p-tohenesulphonyl-as-m-zyhncazoacetamide, brownish- 
yellow prisms, m. p. 200°. The hydrolysis of these, amides has not 
been studied completely. 

The following products are obtained by the use of sodium hydr- 
°?" e l° r neutralisation of the acid liberated during coupling (cf. 
we) ; their constitution has not been elucidated : compound, 
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C, 5 Hj 5 0 3 N 3 S (from benzenesulphonylaeetamide and o-toluene- 
diazonium chloride), red, prismatic needles, m. p. 190° ; compound , 
C, 5 H 15 0 3 N s S (from p-toluenesulphonylacetamide and benzene’ 
diazonium chloride), brownish-red, prismatic leaflets, m. p. 160“ ; 
compound, C 16 H 17 0 3 N 3 S (from p-toluenesulphony!acetamide and 
o-toluenediazonium chloride), tile-red needles, m. p. 178°; con u 
pound, C ls H 17 0 4 N 3 S (from p-toluenesul phonylacetamide and di- 
azotised o-anisidine), dark red, iridescent needles, m. p. 200°. 

The action of solutions of diazonium salts on the free acida 
follows a complex course which depends, in part, at any rate, on 
the use of sodium hydroxide or sodium acetate for the removal 
of liberated mineral acid. With the former reagent, it is estab- 
lished that elimination of the R-SO, - group does not take place and 
that compounds of the type, S0.,R-C(N-NIIR)'C0 2 H, or 

so 2 r-ch:n-nhr, 

are formed with difficulty or not at all. Formazyl compounds, or 
mixtures of the latter and hydrazones, are produced. In a large 
number of instances exceptional experimental difficulties are 
encountered owing to the absence of a suitable solvent or the 
impossibility of separating the complex products into their indi- 
vidual components. The formazyl compound, 

S0 2 Ph-C(x\-NH-C 7 H 7 )-N 2 -C 7 H„ 

dark red leaflets, m. p. 161°, could, however, be isolated from 
benzencsulphonylaeetic acid and two or ' more molecular propor- 
tions of o-toluenediazoniurn salt, whilst a similar compomid, 
S0 2 Ph-C(N-NH-C 8 H J -O.Me)-N i ,-C r) H 4 -OMe, 
slender, greenish-red needles, in. p. 197°, is prepared by the use of 
diazotised o-anisidine. In the presence of sodium acetate, benzene- 
diazonium chloride yields with benzene- or p-toluene-sulphpnyl- 
acetic acid a compound, brown needles, m. p. 135°, which is free ' 
from sulphur; its constitution has not been elucidated. In 
a similar manner, benzenesulphonylacetic acid and o-toluenedi- 
azonium chloride give a sulphur-free product, slender, brown needles, 
m. p. 146°. H. W. 

Hydrazones and Azines. II. Condensation Products cl 
Aromatic Ketohydrazones with Orthoquinones. Otto Geb- 
hardt (Monatsh., 1921, 42, 03 — 72; cf. A,, 1920, i, 766).— It has 
been shown previously that little connexion between colour and 
constitution is exhibited by ketazines, but the formation of in- 
tensely coloured products is to bo expected by the union of the 
azomethylene group, XXN 2 I, with quinonoid nuclei. The behaviour 
of aromatic ketazines towards quinones has therefore been investi- 
gated. With p-benzoquinone and cc-naphthaquinone, the main 
result consists in the oxidation of the ketazine with formation of 
indefinite products. With more complex orthoquinones, on the 
other hand, the oxidising action is but little in evidence, and, o! 
the possible reactions, CR',!N-NH,,+OiR!0 — > CR^lN-NiR.O 
and 20R' 2 :N-NH 2 +0:R:0 -■-> CR' 2 :N-N:R:N-N t :CR' 2 , it has been 
found possible to realise the first, but not the second. The con- 
densation products, for which the term “ quinaketazines ” is 
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proposed, are generally prepared in good yield by boiling a solu- 
§on of molar quantities of the components in a dry hydrocarbon 
nf the benzene series. The following individuals are described. 

y rtQ 

v^nanthrenequinobenzophenoneketazine, C 6 H 4 <Cp u ^>CiN 2 !CPh. 2 , 

'- y 6^4 

jark red crystals, m. p. 158 — 159°; phemnthrenequimfluoren- 
oitektUavne, brownish-violet crystals, in. p. 215 — 216°; acenaph- 
fynemhwbenzophemmeketazim, yellow crystals, m. p. 185 — 180°; 

imlobenzophenoneketazine, NIK^lr ^>C!N 2 lCPh 2 , canary-yellow 

crystals, m. P- 214 — 215°; acemphthenequinojluorenowketazine, 
brownish-yellow crystals, m. p. 193-5 — 195° ; isalojiuorcnonekctazim, 
slender, cinnahar-red crystals, m. p. 185 — 186° ; thionaphthenequino- 


leniophnmekeiazine, 


s <S> c: ^ :cph * 


lustrous, cinnabar-rod 


crystals, m. p. 107 — 108-5°; thiomphihenequinofiuoremmkelazine, 

„ „„ ,, A dark red needles, m, p. 221 — 223°; 

H,C — t-H. L U ..... 


camphorquinobenzopheiwneketazim (an- 
nexed formula), almost colourless, crys- 
talline powder, m. p. 106-5 — 108°; cam- 
phorquinoflmrenonekdazinc, a colourless, 
crystalline powder, m. p. 156—157°. H. W. 


j CMe a || 
H,C— CIMe— C 


Preparation of Nitro-derivatives of (i-Azides of the Anthra- 
truinone Series. Farbenfabpjkkn vokm. Fmedk. Bayer & Co. 
(D.H.-P. 337734; from Che.m. Zenir., 1921, iv, 262).— (3-Azides of 
the anthraquinone series arc treated with strong nitric acid or 
nitric and sulphuric acids. The nitro-group enters the ct-position 
next to the azide group. ]-Nitro-2-azidoa>ithraquinone, prepared 
by the action of fuming nitric acid on 2-azidoanthraquinone, forms 
yellowish-green crystals becoming light orange-red on exposure to 
light and air, m. p. 210° (decomp.). On heating an aqueous sus- 
pension with sodium sulphide, the colour becomes green and then 
violet, and by further heating 1 : 2-diammoanthraquinone crystal- 
lises out with evolution of nitrogen. By addition of 2 ; 6-diazido- 
anthraquinone to cold fuming nitric acid or a solution of potassium 
nitrate in strong sulphuric acid with cooling, 1 : o-dinitro-'l : 6- 
imiioanthraquinone separates in yellow crystals which, after 
recrystallisation from nitrobenzene, form light yellow needles, 
m. p. 200°; at 202°, sudden decomposition takes place with separ- 
ation of carbon. Reduction with sodium sulphide gives 1:2:5: 6- 
Mramiiuxiuthraquinone. G. W. R. 


The Hydrazide and Azide of Benzylsulphonic Acid. 

Hheodor Curtius and Friedrich Wilhelm Haas (J. pr. Chem., 
1921,102, 85 — 112). — The substances named in the title have been 
prepared as examples of this class of compounds in which the 
sulphonhydrazide and sulphonazidc groups are attached to an 
aromatic radicle instead of directly to an aromatic nucleus. In 
general, they show a close resemblance to the corresponding com- 
pounds of benzenesulphonic acid (cf. Curtius and Rissom, Zcikch. 
“ns®. Ckrn,, 1913, 26, [iii], 134). 
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Benzylsulphanhydrazide, CH 2 Ph-S0 2 -NH>NH 2 , colourless crystals, 
m. p. 131 — 132° (decomp.), is obtained by the action of hydrazine 
hydrate on benzylsulphonyl chloride in cold, absolute alcoholic 
solution. It decomposes in boiling aqueous solution into nitrogen 
hydrogen, and benzylsulphinic acid, but attempts to isolate di-imide 
(which is presumably formed intermediately during the reaction) 
in the form of its silver salt were unsuccessful. When silver nitrate 
is added* to solutions from which much gas has been evolved, a 
precipitate is formed which blackens rapidly ; when, however, the 
reagent is added to a slightly decomposed solution, the salt, 
(CH 2 Ph-S0 2 -NH-NH 2 ) 2 ,AgN0 3> is precipitated in colourless leaflets! 
Benzylsulplionhydrazide gives a hydrochloride,, small, colourless 
needles, m. p. 148° (decomp.), and a benzylithne derivative, 
CHjPh-SOjj'NH-NlCHPh, colourless needles, m. p. 139-5° (decomp.)! - 
When subjected to protracted heating in almost absolute alcoholic 
solution it gives diammonium benzylsulphonate, CH 2 Ph-S0 3 *N 2 H., 
colourless needles, decomp, about 150°, benzylsulphinic acid', 
nitrogen, and hydrogen. 

Benzylsulphon azide, CH 2 Ph-S0 2 -N 3 , colourless, slender needles, 
m. p. 54°, is prepared by the action of nitrous acid on the corre- 
sponding hydrazide or from benzylsulphonyl chloride and sodium 
azide in alcoholic solution. When heated with hydrocarbons, it 
behaves in a similar manner to benzenesulpkonazide, evolving two- 
thirds of its nitrogen and leaving a residue, CH 2 Ph-S0 2 -N < , which 
unites with the solvent. With boiling toluene, reaction is very slow, 
but with p- xylene, 6e)!zy&idpAon-p-u7/iiV/w/e,CH 2 Pb-S0 2 -NH-C 8 H 3 Me,, 
pale yellow needles, m. p. 124° ; the latter is hydrolysed by con- 
centrated hydrochloric acid to p-xylidine, toluene, and sulphur 
dioxide. The occurrence of the latter is surprising, since the 
formation Of sulphuric acid would be expected ; the presence of 
benzyl chloride or benzyl alcohol in the toluene, which would 
account for the reaction, could not be demonstrated. Similarly, 
benzylsulphonazide and naphthalene give benzylsidphon-oi-mpk- 
ihalide, yellow needles, m. p. 146°, which is identical in all respects 
with the synthetic product [benzyls u Iphon -fi-naphihahde crystallises 
in needles, m. p. 148-5°); it is hydrolysed by hydrochloric acid to 
a-naphthylamine hydrochloride, sulphur dioxide, and resinous 
matter, which doubtless originates from benzyl alcohol. 

Two reactions occur concurrently when benzylsulphonazide is 
heated with aniline. The first of these leads to the formation of 
hydrazoic acid and benzvlsulphonanilide, colourless needles, m. p. 
102°, in accordance with 'the equation CH 2 Ph-S0 2 -N 3 +NH 2 PJi“ 
CH 3 Ph-S0 2 -NHPh+N 3 H, whilst the second gives rise to the residue, 
CH 2 Ph-S0 2 -Ni which combines with two atoms of hydrogen, yielding 
benzylsulphonamide. Since the hydrogen atoms are derived from 
aniline, it was expected that benzidine would be formed as anti- 
substance, but no trace of this substance could be detected. On 
the other band, considerable quantities of pp'-diaminotriphenyl- 
methane are formed which originate in the following manner. In 
addition to the usual action which leads to the normal anilide, 
benzylsulphonazide decomposes in accordance with the scheme 
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CIT»P1i-S 0 2 -N 3 — Ph'CH:+S0,+N 3 H ; the residue, Ph’CH.', unites 
subsequently with two of the aniline residues liberated by the 
formation of the sulphonamide according to the equation 
CHsPh-S0 s -N 8 +2Ph-NH 2 =CH a Ph-S0 2 -NH 2 +N s +2NH 2 -C 6 H 4 -,thus 
giving pp'-diaminotriphenylmethane. It is noticeable that the 
reaction CH,Ph'S0 2 -N 3 +Ph-NH 2 = CH 2 Ph-S0 2 -NH-C 6 H 4 -NIL +N 2 
does not appear to take place, although this is the main change 
suffered by benzenesulphonazide. 

The main product of the action of benzylsulphonazide on di- 
luethylaniline is benzylmlphonaminodimcJhylaniline, 
CH 2 PhuS0 2 -NH-C 6 HpNMe 2 , 

colourless crystals, m. p. 127“; the definite melting point of the 
crude product indicates that it is homogeneous and, probably, 
the para-derivative. As by-products, sulphur dioxide, hydrazoic 
acid, ammonium hydrazoate, and pp'-tetramethyldiaminotriphenyl- 
methane are obtained. H. W. 

A New Method for the Preparation of i-Acylphenylhydr- 
azines. Wallace Frank Short (T., 1921, 119, 1445—1448). 

Decomposition of Aldehydo-phenylhydrazones. R. Ciusa 
(fiazzetta, 1921, 51, ii, 125).— The catalytic reduction of aldehydo- 
phenylhydrazones into aniline and the nitrile corresponding with 
the nitrile observed by Mailhe (this vol., i, 463) occurs also when 
such phenylhydrazones are heated with certain metallic chlorides 
(Arbuzov, A., 1913, i, 347), and the present author gave the forma- 
tion of benzonitrile and aniline when benzaldehydephenylhydrazone 
is heated with zinc chloride as an illustration of the analogy existing 
between the oximes and hydrazones (A., 1908, i, 833). T. H. P. 

The Albumin of the White of Hens’ Eggs.* S. P. L. Sorensen 
IButt. Soc. chirn., 1921, [iv], 29, 593— 624).— A lecture delivered 
before the Chemical Society of France on May 13, 1921. A. A. E. 

The Preparation and Recrystallisation of Oxyhaamoglobin. 

Harold Ward Dudley and Charles Lovatt Evans ( Biochem . J., 
1921, 15, 487 — 488). — Defibrinated horse blood is centrifuged and 
the corpuscles are washed with normal saline solution until the 
washings give no turbidity on boiling. The corpuscles are then 
dialysed in collodion tubes under pressure against tap and distilled 
water. The laked corpuscles are centrifuged and the haemoglobin 
solution is re-oxygenated. The less soluble oxyhremoglobin crystal- 
lises out suddenly after about twenty minutes. For recrystallisa- 
tion, the crystals are suspended in 2 — 3 volumes of water and 
warmed to 37° in a vacuum, when a clear haemoglobin solution 
results. On again passing oxygen into the cooled solution, the 
oxyluemoglobin crystallises once more. G. B. 

Osmosis and Swelling of Gelatin. C. R. Smith ( J . Amer. 
Clm. Sac., 1921, 43, 1350-1366). — Gelatin, free from ash, was 
®ed in the experimental work. It was prepared by extracting 
Wy-powdered gelatin in a filter with 10% sodium chloride solu- 
tion containing about 5 c.c. of concentrated hydrochloric acid per 
ntre until the washings showed no reaction for calcium. The 
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washing was then continued with 1% sodium chloride solution 
without acid, the concentration of the solution being diminished 
as'rapidly as control of the swelling would permit. Final washing 
was effected with distilled water, until the washings were free 
from chlorides, when 90% alcohol was poured through the mass, 
which was finally dried in an oven. 

The osmotic pressure of this gelatin in the presence of water is 
proportional to concentration and gives a molecular weight of 
96,000, assuming the applicability of the gas laws. Gelatin sols 
in a collodion membrane immersed in isohydric solutions of univa- 
lent acids, or multivalent acids ionising as univalent acids, produce 
the same osmotic pressure. Similarly, in univalent bases the same 
osmotic pressure is produced at the same hydroxyl-ion concentra- 
tion. Minimum osmotic pressure is produced at the isoelectric 
point where it is not combined with acids or bases and with increas- 
ing hydrogen- or hydroxyl-ion concentration the osmotic pressure 
increases to a maximum and then diminishes. For 0-5 gram of 
gelatin in 100 o.c. at 10° in univalent acids the maximum osmotic 
pressure of 158 mm. of water is reached at a hydrogen-ion concen- 
tration of 0-8- l-0x 10' 3 . In bases, the maximum pressure of 
165 mm. is reached at 0-2x10 3 hydroxyl-ion concentration. In 
bivalent acids or bases ionising as such the maximum osmotic 
pressure is reached at the same hydrogen- or hydroxyl-ion con- 
centration as with univalent acids or bases respectively, but is 
only about 55 mm. of water. 

When immersed in univalent acids, dry gelatin combines with 
equivalent amounts at the same hydrogen-ion concentration, and 
the amount of swelling is approximately the same for all. The 
maximum swelling occurs at about 4 x 10~ 3 hydrogen-ion concen- 
tration, when one gram of air-dry gelatin occupies a volume ot 
about 46 c.c. Bivalent ionising acids give much less swelling 
with a maximum at about the same point. Salt-ions do not 
combine with gelatin, but increase the absorption of alkalis or 
acids. They markedly decrease swelling and osmotic pressure. 
The swelling of gelatin is the result of osmotic pressure within the 
jelly, with the jelly acting as an imperfectly resisting membrane, 
the more so when highly swollen. Whilst the osmotic pressure 
at the optimum concentration of univalent acids and bases is the 
same, the swelling is much less in alkalis because of the weakened 
membrane effect. Bivalent sulphuric acid gives the same swelling 
as bivalent calcium oi barium hydroxide when swelling is small 
and the solution is not so great. W. G. 

Digestion of Fibrin and Caseinogen by Trypsin. Edwakd 
Stafford Edik {Biochan. 1921, 15, 498— 506).— Like alcohol 
(Edie, A., 1919, i, 460), heat and acids destroy the power of trypsin 
to digest fibrin more rapidly than its power to digest caseinogen; 
there seem to be two proteolytic enzymes. The milk coagulating 
and the proteolytic powers ot pancreatic extracts are not in a 
constant ratio and the former is more thermolabile than the latter. 

G. B. 
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Behaviour of Pectin towards Alkalis and Pectase. Frank 
’Otis ( Biochem J., 1921, 15. 41 M - 4 97 ; cf. von Fcllenberg, A., 
915, i, 774). — P e °tin was obtained relatively pure in a yield of 
,o/ 0 from dried apple press cake of the eider press. It neutralised 
n the cold 1-05% of its weight of sodium hydroxide, but on keeping 
vith excess of alkali a further 12-35% of alkali was neutralised in 
ia ]f an hour. On steam distillation some methyl alcohol and about 
; irice as much acetone are given off. The same amounts of methyl 
llcohol and acetone are liberated by (clover) pectase, and calcium 
jectate is formed. Alkalis and pectase are therefore quite similar 
: action. Both reagents produce pectic acid (containing carbon 
19-2—39-4%, hydrogen 5-1%, and neutralising 20-9% of sodium 

lyrlroxide). G. B. 

The Catalase Reaction. Sergius Mokgulis ( J . Biol. Churn., 
1921, 47, 341 — 375). — All the experiments were performed at 
10—21”, using a crude catalase preparation obtained from ox-liver. 
Preliminary experiments indicated that the catalase reaction 
diminishes both in velocity and in total decomposition of hydrogen 
peroxide as the acidity increases, the optimum condition being 
neutrality (P» 7-0). All further experiments were therefore per- 
formed at P„ 6-7 to 6-9, this slight acidity being maintained to 
prevent the spontaneous decomposition of the peroxide. Using a 
constant quantity of catalase, a total volume of 50 c.e., and a 
leroxide concentration varying from 0-8 to 0-40 molar, it was 
ound that with increasing concentration of peroxide the reaction 
-elocity diminishes, the percentage total decomposition decreases, 
nd the total evolution of oxygen increases to a point and then 
eoreases, the maximum evolution corresponding with a total 
(Composition of peroxide of 05—70%. With the catalase in 
xeess, 100% decomposition results; when the total decomposition 
ills below 65—70%, further increases in the amount or conccn- 
ration of the peroxide cause a falling off of the reaction. Between 
hose limits, however, the total oxygen evolved from a constant 
uantity of peroxide is directly proportional to the amount of 
atalase used. For concentrations in which the total decomposition 
f the peroxide is approximately 70%, the reaction is bimolccular; 
>r a total decomposition of about 95% it is unimolecular. The 
uthor concludes that a quantitative relation exists between the 
italase and peroxide. Below a total decomposition of C5%, the 
eroxide exercises a depressing influence, a result which he attributes 
) a reversible reaction ; that it is not due to oxidation of the cata- 
se follows from the experimental results. The hearing of the 
suits on the technique of catalase estimations is finally discussed. 

E. S. 

Some Additive Compounds derived from Arsines. George 

seph Burrows and Eustace Ebenezer Turner (T., 1921, 119, 
MS-1450). 

(Derivative 3 of Sulphur in Commercial Salvarsan. II. 

r 0LD KDi « (T., 1921, 119, 1415-1420). 



i. 752 


ABSTRACTS OT CHEMICAL PAPERS. 


Preparation of Arsenic Compounds of the Pyrazolone Series. 

Farbwerke vorm. Meister, Lucius, & Broking (D.R.-P. 313320; 
fAm Chem. Zenir., 1921, iv, 262— 263).— Acid groups are introduced 
into the amino-groups of compounds of the type 1-p-arsenodiaryl. 
di(4-amino-2 : 3-dialkyl-5-pyrazolone). The compounds thus formed, 
although not markedly poisonous, are strongly bactericidal and 
mav be used in the form of their alkali salts. The products are 
yellow powders, decomposed by heating with acids. The pm- 
paration of some arsenic derivatives of the pyrazolone series is 
described. 5-CUoro-‘A-mclhylpyrazok- \-benzem-i' -arsinic acid is ob- 
tained by diazotisation of 5-chloro-3-methylpyrazoled-p-anuno. 
benzene, treatment with arsenites, and subsequent acidification ; 
it forms crystals, m. p. 192—195°, when quickly heated, with the 
formation of an anhydride and subsequently solidifies on elimina- 
tion of water; it decomposes completely above 290°. 3 -Methyl- 
5-pyrazolon e - 1 -benzene-i' -arsinic acid is prepared by diazotisation oi 
p-aminophenylarsinie acid, reduction, and condensation with ethyl 
acetoaectate ; it crystallises from hot water and forms a yellow 
m'lroso-eompound. 2 : 3-Dimcthyl-5-pyrazolone-l-benzene-4'.aisinic 
acid is formed by the mcthylation of 3-methyl-5-pyrqzolone-l. 
benzene-4'-arsinic acid or the corresponding 5-chloropyrazole deriv- 
ative ; it crystallises from water. By acting on it with sodium nitrite 
and dilute sulphuric acid, i-nitroso-2 : i-dimethylS-pyrazolone-l 
benzene-i'-arsinic acid is obtained ; if is bluish-green in colour and very 
unstable ; by reduction, 1 -\>-arser>odiphenyl-di(i-amino-2 ; 3-dimethyl 
5-pyrazolone) is obtained. The hydrochloride forms yellow crystals. 
The monoacetate, prepared by the action of bromoacetic acid, is » 
yellow powder. With excess of bromoacetic acid, a diglycine is 
obtained similar to the monoglycine. By the action of formalde- 
hyde sulphoxylate on l-p-arsenodiphenyl-di(4-amino-2 : 3-dimcthyl- 
5-pyrazolone) hydrochloride or 4-nitroso-2 : 3-dimethyl-5-pyrazol- 
one-l-benzene-4'-arsinic acid, l-p-arsenod.iphenyl-di(i-amino-2 :3- 
dimdhyl- 5 -pjrazolone)-monomcthyknesulphoxylate is obtained as 
a yellow powder. A dimethyknesulphoxylate is obtained when a 
large excess of formaldehyde sulphoxylate is used. By treating 
l-p-arsenodiphenyl-di(4-amino-2 : 3-dimethyl-o-pyrazolone) hydro- 
chloride with sodium hydrogen sulphite and formaldehyde the 
corresponding i-N-methylindphinic acid compound is obtained as a 
yellow powder. G. W.K. 


Physiological Chemistry. 


Respiration and Blood Alkali during Carbon Monoxide 
Asphyxia. Howard W. Haggard and Yandell Hendbrso.n 
(./. Biol. Chem., 1921, 47, 421— 431).— The anoxaemia induces 
excessive breathing (300% or more) which sweeps out the car o 
dioxide, and the decrease of blood alkali is an attempt at com 
pensation. After section of the vagi overbreathing and the lowers 
of the blood alkali do not occur. **• "• 
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Relation of the Migration of Ions between Cells and Plasma 
to the Transport of Carbon Dioxide. Edward A. Doisy and 
Emily P- Eaton (J. Biol. Chem., 1921, 47, 377 — 393). — The authors 
have determined the sodium, potassium, chlorine, phosphorus, and 
bicarbonate content of serum, obtained by centrifuging deli Initiated 
blood, which had been equilibrated with various pressures of 
carbon dioxide. They find it quite easy to show that increased 
carbon dioxide content of the plasma produces a shift of hydro- 
chloric acid into the corpuscles; this is what happens during the 
passage of the blood through the capillaries ; since oxygen is given 
0 p by the hemoglobin, the latter becomes less acid and compensates 
for the hydrochloric? acid migrating into the corpuscles. Perhaps 
phosphate ions also migrate, but the concentration of these and of 
the sulphuric ions is so small as to make their shift unimportant. 
Contrary to Hamburger, the authors failed to detect any shift of 
sodium or potassium, and they regard the blood cells as imperme- 
ble to these ions, in agreement with Coliip (this vol., i, 379). A 
ibul&tion of total molecular concentrations of anions and cations 
i serum shows an excess of 7% of bases, presumably combined 
nth the protein. G. B. 

Distribution of Calcium and Phosphoric Acid in the Blood 
if Normal Children. Martha R. Jones and Lillian L. Nye 
j. Biol. Chem., 1921, 47, 321 — 331). — Estimations were made of 
he alkali reserve of the plasma, and of the distribution of calcium 
ind phosphoric acid in the blood of children. More phosphoric 
Kiid of all types was found in the corpuscles than in the plasma. 
The unknown phosphoric acid is approximately 70% of the total 
a the corpuscles, but is negligible in or absent from the plasma. 
Che average calcium content of the corpuscles is slightly less than 
hat of the plasma. E. S. 

Mechanism of Anticoagulant Actions [in Blood Clotting], 

A;DRf) Gratia (Ann. Inst. Pasteur, 1921, 35, 513 — 557). — The. 
luthor has been principally concerned with the anticoagulant 
lotion of the antithrombins of hirudin and of plasma after peptone 
injection, and his results support the theory of Schmidt, Mora wit/., 
Bordet, and Delange, rather than those of Nolf and of Howell. 
Whereas a hirudin solution of 1 : 2500 may be required to prevent 
the action of ready formed thrombin, a solution of 1 : 10000 will 
suffice to prevent the activation of prothrombin by kinase. Neutral 
thrombin-antithrombin mixtures are decomposed at 60° with 
liberation of antithroinbin. This is true of botli hirudin and peptone 
plasma, which differ, however, in other respects (of. also Halo and 
Walpole, A., 1916, i, 889). G, B. 

The Diffusible Calcium of the Blood Serum. I. Estim- 

itiou. L. von Meysenbug, A. M. Pappenheimer, T. F. Zucker, 
■ui Marjorie E. Murray. II. Human Rickets and Experi- 
mental Dog Tetany, L. von Meysenbug and G. E. McCann ( J . 
jd.Cfom., 1921, 47, 529 — 539, 541 — 546). — The authors have con- 
*“6(1 the observations of Rona and Takahashi (A., 1911, ii, 302) 
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and of Cushny (A., 1920, i, 508) that 30 — 40% of the calcium in 
serum is non-diffusible ; this percentage is not changed by altering 
the carbon dioxide saturation of the serum between 17 and 62 
Although, as Howland and Marriott (Quart. J. Med., 1917, 11, 289) 
have shown, there is a slight diminution in the calcium content of 
serum in rickets, the percentage of non-diffusible calcium here 
remains normal, and the same applies to the greater diminution 
in calcium during tetany, after removal of the parathyroids, as 
observed by MacCallum and Voegtlin (J. exp. Med., 1909, 11, Hg) 
The method of analysis is by compensatory dialysis. Cl. B, ' 

Animal Calorimetry. XVII. The Influence of Colloidal 
Iron on the Basal Metabolism. Einar Lanofeldt (J. Hiol 
Chem., 1921, 47, 557 — 563). — Intravenous injection of negative 
ferric hydroxide sol (Fischer, A., 1910, ii, 856) in dogs increased 
the heat production by 7 — 15%, increased the oxygen consump. 
tion and carbon dioxide output, and slightly increased the respiratory 
quotient. The chief increase of the total heat production falls in 
the non-protein metabolism. G, B. 

The Metabolism of Nitrobenzaldehydes and Nitrophenyl- 
acetaldehyde. Carl P. Shekwln and Walter A. Hynes ( J , 
Bid. Che.m., 1921, 47, 297—301). — After ingestion by man, o-, 
and p-nitrobcnzaldehydcs and p- nitrophenylacetaldehyde were 
largely recovered from the urine in the form of the corresponding 
carboxylic acids. The m- and p-nitrobenzaldehydes were also, to 
some extent, excreted as nitrohippuric acid. In no case was 
reduction of the nitro-group observed. E. S. 

Antiketogenesis. I. An in ritro Analogy. II. The 
Ketogenic-Antiketogenic Balance in Man. Philip A. Shaffer 
( J . Biol. Chem., 192 1 , 47, 433- 448, 449— 473).— Dextrose, laevulose, 
and glycerul (but not lactic acid) greatly increase the rate of oxida- 
tion of acetoacetic acid by hydrogen peroxide at room temperature, 
Evidently a chemical reaction occurs between some derivative of 
dextrose and acetoacetic acid, involving definite molecular 
quantities of each substance. 

This “ ketolytic ” action in vitro is similar to the long-known 
“ antiketogenic ” action of carbohydrates in preventing the appear- 
ance of acetone substances in man. Using mainly experimental 
data of others, the author calculates the amount of acetoacetic 
acid which might be produced from the fatty acid and protein of 
various diets and finds that the minimum molecular ratio of koto- 
genic to antiketogenic substances for the avoidance of ketonuria 
(and p-hydroxybutyric acid) is unity. For a case of “total'’ 
diabetes with extreme acidosis, the author is enabled to calculate 
from the diet with fair accuracy the amount of p-hydroxybutyrie 
acid actually excreted. G. B. 

Chemical Examination of the Amuiotic Fluid. R. Clogse 
and J. Reglade {Bull. Soc. Chim. Biol., 1921, 3, 279 — 282 ).— The 
results are given of a number of estimations of urea in the amuiotic 
fluid, and in the urine of new-born children. No parallelism between 



PHYSIOLOGICAL CHEMISTRY. 


i. 755 


jj, e two is found, the concentration in the urine being much the 
higher. Examination of the amniotic fluid for ferments (oxydases 
an d reductases) gave negative results. C. R. H. 

Odoriferous Substances and the Sense of Smell. A. 

TscHIKCH ( Schweiz . Apolh. Ztil., 1921, 59, 229—232, 241—246, 
054—258, 265—272; from Chem. Zentr., 1921, iii, 190— 191).— A 
theoretical discussion of the relationships between odour and 
-hemical constitution and also of the mechanism of odour-per- 
ention. Whilst quality of odour cannot be correlated with 
hemical constitution, yet certain groups appear to be connected 
fith intensity of odour. The odour of a substance depends on 
ts solubility in air 'and also on its partition coefficient between 
j r a nd the lipoid plasma of the olfactory cells. The sensation of 
niell is probably due to the formation of loose compounds of the 
idoriferous substance with the olfactory cell plasma and is thus 
i chemical stimulus. G. W. R. 

Lipase. I- The Hydrolysis of the Esters of some Di- 
:arboxylic Acids by the Lipase of the Liver. Adam A, Christ- 
jas and Howard B. Lewis ( J . Biol. Chain., 1921, 47, 495—505).— 
[he lipase from pig’s liver eliminates only one ethyl group from 
jthyl succinate and ethyl malonatc. Ethyl hydrogen malonatc was 
probably isolated. This and potassium ethyl malonatc arc not 
Attacked by the lipase. G. B. 

Effect of Hydrochloric Acid Ingestion on the Composition 
0 j the Urine in Man. Raymond L. Stkhi.b and Arthur 0. 
McCarty ( J . Biol. Chan., 1921, 47, 315—319). — The ingestion of 
hydrochloric acid causes an increased excretion of potassium, 
Bodium, ammonia, phosphoric acid, and hydrogen ions in the urine. 

E. S. 

Urobilin and Stercobilin [in the Urine] of Infants. Marcel 
Brule and H. Garban (Compt. rend. Hoc. Biol., 1921 , 84, 482—483 ; 
from CAem. Zentr., 1921, iii, 184). — In the. examination of urines, 
when urobilinogen is changed into urobilin the oxidation is generally 
carried too far, so that urobilin is decomposed. The authors 
recommend the addition to 10 c.c. of urine of a small quantity of 
line acetate and an equal volume of 95% alcohol. The liquid is 
filtered after half an hour and tested by means of fluorescence. 
Urine of newly-born infants, of high density, contains much urobilin ; 
in urine of lower density urobilin is detected with difficulty. There 
is no correlation between the urobilin content of the urine and the 
appearance of stercobilin. Urobilin may be found considerably 
before stercobilin appears. Urobilin in the newly bom is formed 
om the blood pigment and is due to hyperhtemolysis. Those facts 
ontradict the “ enterohepatic ” theory oi urobilinuria. G. W. R. 
Pyrrole and Melamuria. IV. U. Saccardi (Gazzetta, 1921 , 51, 
i, 108— 112; cf. this vol, i, 203, 790). — 2 : 5-Dimcthylpyrrole 
been examined by the author as a possible source of melanin. 
I is found that, in vitro, this compound does not yield melano- 
!®> whereas, when introduced hypodermically into the animal 
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organism, it undergoes profound modification, being certainly 
demethylated and probably carboxylated by oxidation of the 
methyl groups ; it seems likely that the pyrrole ring is connected 
by means of the carboxyl groups with the remainder of the melanogen 
molecule. 

2 : 5-Dimethylpyrrole is readily ingested and is eliminated only 
very slowly, the urine becoming slightly melanotic. Enzymic 
oxidation in vitro is insufficient to transform it into melanogen or 
melanin. T. H. P. 

The Degradation of n-Valeric Acid in the Animal Organism. 
L. Blum and E. Aubel (Bull. Soc. Chim. Biol., 1921, 3, 307 — 310). — . 
The authors have isolated d - lactic acid and pyruvic acid from the 
urine of rabbits after intravenous injection of an aqueous solution 
of the sodium salt of n-valcrie acid. 0. R. H. 

Pharmacology of Acridine and Acridinium Compounds. 
Emil Lenz ( Zeitach . ges. exp. Med,., 12, 195 — 261 ; from Chem, 
Zentr., 1921, iii, 188— 189).— The pharmacology of the following 
compounds was investigated: 3 : 6-diaminoacridinium chloride; 
3 : 6-diamino- 10-methylaeridinium chloride (‘ trypaflavine’); 3 : 6- 
diamino-2 : 7-dimethylacridine (‘ acridine-yellow ’) ; 3 : 6-diamino- 
2:7: 10-trimcthylacridinium nitrate (' brilliant phosphine nitrate ’); 
3 : 6-diaminodimethyl-2 : 7 : 10-trimethylacridinium nitrate (‘ brilliant 
iminophosphine ’); the silver double salt of trypaflavine (‘ argo- 
flavine ’) ; and 1 septacrol ’ (additive product of silver nitrate and 
‘ brilliant phosphine nitrate ’). 

‘ Trypaflavin ’ in 0'005-iV-solution is immediately fatal to protozoa, 
and exerts an effect even in 0 00025iV-solution. 4 Brilliant imino- 
phosphine ’ is somewhat stronger and 1 acridine yellow ’ slightly 
weaker in effect. ‘ Trypaflavine ’ and ‘ brilliant iminophosphine ’ 
induce motor and respiratory paralysis, inhibition of reflexes, 
central paralysis, and finally cardiac failure in frogs. The lethal 
dose is 0'8— 1 milligram per gram live weight in the case of ‘ trypa- 
flavine ’ and 0'54 milligram in the case of 1 brilliant iminophos- 
phine.’ With warm-blooded animals (mice, guinea pigs, tod 
rabbits) these compounds are correspondingly poisonous. 

The respiratory paralysis caused by large doses is consequent 
on central paralysis. One-third to one-half of the fatal dose causes 
transitory respiratory disturbances, whilst with somewhat larger 
doses a stage of excitement is reached. The circulation is affected 
when the respiratory paralysis is advanced. Other experiments 
showed that this effect .As not secondary, but was due to a direct 
action on the vascular system. In frogs, the heart is a point of 
attack of the poison, finally, peripheral vascular paralysis also 
occurs. In rabbits and guinea -pigs local irritation of the cornea 
together with ' acridine leucocytosis ’ occurred. After lethal doses, 
all organs show a yellow coloration. The compounds are found in 
the urine immediately after intravenous or subcutaneous injection. 
Only traces of the poison are found in the spinal fluid. ‘ Brilliant 
iminophosphine ’ is more poisonous than ‘ trypaflavine.’ 
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Experimental Rickets in Rats. II. The Failure of Rats 
to develop Rickets on a Diet Deficient in Vitamin-/!. A. F. 

Hess, G. F. McCann, and A. M. Pappenheimer (J. Biol. Chem., 
1921 ,' 47, 395 — 409). — The authors do not confirm E. Mellanby’s 
view, that the cause of rickets is a deficiency of the fat-soluble 
vitamin. G- B - 

Experimental Rickets. VIII. Production of Rickets by 
Piets Low in Phosphorus and Fat-soluble-,4. E. V. McCol- 
ttisi, Nina Simmonds, P. G. Shipley, and E. A. Park ( J . Biol. 
Ciew-, 1921 , 47, 507 — 527). — Rickets (in rats) is not simply due 
to a deficiency of vitamin-d, as suggested (for dogs) by E. MeUanby. 
Jo produce rickets, the calcium : phosphorus ratio of the diet 
must he upset, making its calcium content relatively high, its 
nbosphoms content low. With a calcium : phosphorus ratio 
differing from the optimal for normal ossification, rickets may 
still he avoided by giving an antirachitic substance such as cod- 
Ijver oil. The ratio of calcium : phosphorus is of “ infinitely 
greater importance ” in ensuring normal ossification than the 
absolute amounts of these elements in the diet. G. B. 


Chemistry of Vegetable Physiology and Agriculture. 


Pressure developed by Alcoholic Fermentation. R. Kolk- 
wttz (Bcr. Deut. bot. Ges., 1921, 39, 219— 223).— Although the 
viability of yeasts and other micro-organisms is not affected by 
pressures amounting to thousands of atmospheres and yeast-cells 
occur and vegetate normally in marine oozes under pressures of 
more than thirty atmospheres, the pressure developed by the 
evolution of carbon dioxide in alcoholic fermentation is generally 
estimated as little more than twelve atmospheres. Working with 
a specially constructed apparatus, the author was able to obtain 
a pressure of forty atmospheres by fermentation for three to five 
hours. The gradual slowing down of the evolution of carbon 
dioxide which was observed is attributed to narcosis by the dissolved 
;as rather than to the direct effect of the pressure produced. Micro- 
icopic examination showed that the older yeast-cells which had 
)een exposed to high pressure had suffered injury by contraction 
)i their protoplasmic contents. The younger cells appeared homo- 
geneous. Placed in a fresh nutrient solution under normal pressure, 
fermentation took place relatively slowly at first. The experi- 
ments show that yeast fermentation is possible under relatively 
high pressures, and that it is not necessary to assume the existence 
of yeast organisms specially adapted to high pressures in the greater 
depths of the sea. G. W. R. 

Production of Glycerol by Alcoholic Fermentation. K. 

Sceweizer ( Chim . et Ind., 1921, 6, 149— 159).— The author 
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discusses the mechanism of alcoholic fermentation of sugars and 
the formation of glycerol among the accessory products of the 
action. A summary is given of the methods by which the normal 
course of fermentation has been modified in order to produce 
glycerol. 0. W. R. 

Vitamin Content. II. The Yeast Test as a Measure of 
Vitamin-K. Walter H. Eddy, Hattie L. Heet, Helen C. 
Stevenson, and Ruth Johnson ( J . Biol. Chem., 1921, 47, 249— 
275). — Confirmatory evidence is produced showing that the yeast 
test is not a quantitative measure of vitamjn-B content. It j a 
possible, however, that the presence of vitamin-/? is one of the 
factors causing the stimulation of the growth of yeast by vegetable 
extracts (cf. Fulmer, Nelson, and Sherwood, this vol., i, 292; 
Nelson, Ellis, Fulmer, and Cessna, ibid., i, 386; MacDonald and 
McCollum, ibid., i, 480). E. S. 

Oligodynamy. Activation of Water by Copper and its 
Oxides. Raul Wernicke and Alfredo Sordelli (Ami. Asoe. 
Quim. Argentina, 1921, 9, 145— 182).- -The authors give a com- 
prehensive review of previous work on the subject of oligodynatny. 
In order to determine whether the activation of water is due to 
solution of the activating substance, the behaviour of copper was 
studied. As a reagent for detecting the presence of copper at 
groat dilutions, an aqueous solution containing p-phenylcnediamine, 
a-naphthol, and sodium hydroxide was used. The bactericidal 
action of the waters obtained was tested on cultures of paratyphusri . 
The results showed that activation was always accompanied by 
solution of copper, and that when no solution took place water 
was not activated. Activation was not produced in the case of 
water distilled in an atmosphere of oxygen or hydrogen. The 
presence of both oxygen and carbon dioxide would appear to be 
necessary for activation to take place. It was shown that water 
containing 1 : 3,000,000 of copper had a bactericidal action. The 
efficacy of such dilute solutions is explained by assuming colloidal 
adsorption of the dissolved substance by the organism. G. AV. R-. 


The R61e of Osmotic Pressure in the Toxicity of Soluble 
Salts. J. E. Greaves and Yeppa Lund ( Soil Sci., 1921, 12. 
163— 181).— The effect of chlorides, sulphates, carbonates, and 
nitrates of potassium, sodium, calcium, magnesium, iron, and 
manganese when added lo soils in varying quantities, on the 
osmotic pressure and on ammonifying and nitrifying organisms 
was determined. With the exception of manganese nitrate, iron 
nitrate, and sodium carbonate there was a close correlation between 
toxicity and osmotic pressure. There is, however, probably also 
a physiological action of the salts in the living protoplasm such 
that it cannot function normally. AV. G. 


The Respiration of Leaves in a Vacuum or in Atmospheres 
Poor in Oxygen. L. Maquenne and E. Remoussy (Compt. 
rend., 1921, 173, 373— 378).— The length of time during which 
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leaves will remain alive in the dark in atmospheres poor in oxygen 
depends on the absolute amount of oxygen present rather than 
its relative pressure. The small amount of oxygen, which results 
(toni the decomposition of the respiratory carbon dioxide by the 
chlorophyll function, in light, is sufficient for the leaf during the 
night. Normal respiration is absolutely essential for the main- 
tenance of plant life. Intracellular and normal respiration proceed 
from different causes, and must be regarded as autonomous func- 
tions, as much by their intimate mechanism as by their influence 
m the life of green plants. W. G. 

Composition of Gases in the Intercellular Spaces of Apples 
md Potatoes. J. R. Mauness (Bot. Gaz., 1920, 70, 308 — 316; 
from Chem. Zentr., 1921, iii, 175). — With rise of temperature the 
amount of carbon dioxide increases, whilst the amount of oxygen 
decreases to a smaller extent. G. W. R. 

The Resistance of Plants to Asphyxia. L. Maquexxe and 
E. Demoussy (Bull. Soc. Chim. Biol., 1921, 3, 273 — 278). — Germin- 
ation can follow a normal course in seeds which are immersed in 
water, provided that the latter contains dissolved oxygen. Green 
leaves will survive for a considerable period in circulating water, 
and in stagnant water if exposed to sunlight ; they will also live 
for several days in a vacuum tube, if exposed to the sun during 
the daytime. C. R. H. 

The General Presence of Manganese in the Vegetable 
Kingdom. Gabriel Bertrand and (M.me) M. Rosenblatt 
(Compt. rend., 1921, 173, 333— 336).— It is shown that the various 
plants and parts of plants which Maumene reported as devoid of 
manganese (of. Compt. rend., 1884, 98, 1416) do without exception 
contain manganese. Thus the presence of manganese is general 
in all the organs and species of the vegetable kingdom. W. G. 

The Distribution of Iron in Plants. L. Maquexxe and 
R. Cerikhelli [Compt. rend., 1921, 173, 273 — 278). — Iron enters 
only to a comparatively slight extent into the composition of 
plant tissues. In general its distribution in plants is comparable 
with that of copper (compare Maquenne and Demoussy, A., 1920, 
i, 270), the young organs, buds or leaves, containing more than 
the old ones. Like copper, it is capable of migrating in plant 
tissues, tending to move towards the centres of active life and 
reproduction. W. G. 

Extraction and Nature of the Hydrosulphide Compound 
in the Seeds of certain Papiliomceiv. Marcel Miiunde 
(Compt.. rend., 1921, 173, 252 — 253). The substance present in 
the seeds of LcUhyms and other Papilionacece, which by autofermen- 
tation in contact with water gives rise spontaneously to hydrogen 
sulphide, is apparently a protein which thus loses the labile sulphur 
'•inch it contains. W. G. 
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Constituents of the Root' of Gishi-gishi. Yoshihart) 
Mijrayama and Takeki Itagaki (J . Pham. Soc. Japan, 1921, 
327 — 330), — From^a hot alcoholic extract of the dried root of 
gishi-gishi (Rumex crispus , L. var. japonicus, Makino), the authors 
isolated 0-12% of frangula-emodin, C 15 H 10 O s , orange-red prisms, 
m. p. 250— 262°, and 0-5% of chrysophanic acid, this being 
partly free in the extract and partly combined Ruth sugar. 

K. K. 

The Existence of Anthocyanidins in the Free State in the 
Fruits of Ruscus aeuleatus and Solarium Dulcamara. St. 

Jonesco (Compt. rend., 1921, 173, 168 — 171). — Anthocyanidins 
exist in the free state injthe fruits of Ruscus aeuleatus and Solarium 
Dulcamara, picked in July before they were fully ripe. They are 
found along with anthocyanins in the red pigment which gives 
the colour to the fruit. W, G. 

Japanese Birdlime. Hidekichi Yanagisawa (J. Pham. Soc. 
Japan, 1921, No. 471, 405 — 423).— Japanese birdlime is of two kinds. 
The best, which is red, is made from the bark of Trochodeniron 
aralioide, whilst the white one (common kind) is prepared from 
many kinds of Ilex and related plants (cf. Bol. Mag., 28, Nos. 229 
and 230). By the saponification of the red variety with alcoholic 
potash, palmitic acid, resin, and a neutral unsaponifiable crystal- 
line substance, trochol, were isolated. A caoutchouc, a slightly 
brown mass, which gave a bromine additive compound, 
l-Yd l;,[ 1 1 Bl'j ih']. 

was also obtained. After purification by precipitation from chloro- 
form solution by light petroleum and recrystallisation from chloro- 
form-alcohol, trochol forms colourless needles or prisms, 

+H 2 0), 

m. p. 252°, [*]» +20° (in chloroform-alcohol). It yields a di- 
acetate, colourless needles or prisms, m. p. 217°, from which by treat- 
ment with bromine, a bromo-derivative, C 26 H 40 Br 2 (OAc) 2 , m. p. 
293°, was obtained although trochol itself gave no definite bromine 
compound. The dibenzoate of trochol forms colourless needles, 
m. p. 172° (sintering at 145°); the monobenzoate forms colourless 
leaves, m. p. 282°. Trochol seems to occur as the palmitic ester 
in the birdlime, and by heating the two components at 200° in a 
vacuum, the ester was produced as a colourless, viscous substance. 
Trochol cinnamale was prepared by the same method as yellow, 
lustrous crystals, m. p. 155°, after sintering at 132°. 

From the white birdlime, by saponification with alcoholic potash, 
an alcohol, C 26 H 45 OH, m. p. 222°, was prepared, which gave an 
acetate, m. p. 203°. All the properties of the alcohol correspond 
with the mochyl alcohol of Divers and Kawakita (T., 1888, 53, 268). 
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Balmer Series of Hydrogen. E. Gehrcke and E. Lau (Ann. 
Physik, 1921, [iv], 65, 564 — 576). — The lines of the Balmer series 
of the hydrogen spectrum have been examined with respect to 
their structure, energy partition, and width. It is shown that the 
Balmer lines are more easily obtained in the presence of a little 
water. The intensity relationship of the two components is found 
to depend on the method of excitation and the source of light. 

J. F.’S. 

Mass Spectra of the Alkali Metals. F. W. Aston (Phil. 
Nag., 1921, [vi], 42, 436 — 441). — An apparatus for the production 
of positive rays of the alkali metals by volatilising their salts by 
means of a hot anode is described. The following results were 
obtained : 

Element. Lithium. Sodium. Potassium. Rubidium. Cssiurn. 

Minimum number of isotopes ... 2 1 2 •> i 

Mass of isotopes in order of intensity . 7,6 23 30, 4 L 8of87 133 

It is shown that for the great majority of the possible configurations 
even atomic weight is associated with even atomic number and 
odd with odd, which is interpreted as meaning that in the nuclei 
of most types of atoms the number of electrons is an even number 

J. R. I\ 

Quantitative Relationships of the Cassium Spectrum 

Ians Baetels (Ann. Physik, 1921, [iv], 65, 143 -166).— The series 
nv put forward by FUehtbauer and Hoffmann (Ann. Physik, J914 
.3, 96) has been examined in the case of the cssium doublet op 
b=3612 and 3017) and found to be correct within the limits of 
xperimental error. The absorption of the strongest component 
i— 3612) of the principal series doublet op has been measured 
,iid by making use of earlier measurements has been compared 
mh the absorption of the corresponding component of the doublet 
ip. From the absorption measurements by means of the Herz 
rapour pressure formula log t p=A +B log e T+c/T, several values of 
,tc vapour pressure of emsium have been calculated. These values 
ire: 190!)°, p=0-046 mm., 199-2°, p=0-068 mm., 204-7°, p=0-084 
™-> *32-3°, p=0-211 mm. (ef. Kroner, A., 1913, ii, 383). These 
rates probably have a 10% absolute error, and a relative error 
/0 ’ J. F. S. 

oi Ca5sium - K. W. JIeissxek (Ann. 
taHif’ ! 9L \ 65, 378—: 392).- The vacuum arc spectrum of 

wum has been photographed and evaluated in the red and 
Lnif ^ glons ' Twenty-nine lines of wave-lengths S079-021— 
P. 9 are recorded, the values of which were obtained by 
e TOI “ to the red cadmium line 2p a -4-5s, 6354-552 A U The 
V0L - css. ii, 2J 
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measured lines are used for the investigation of the Bergmann 
series. It is shown that various pairs have not a constant frequency 
difference, but the individual components come more closely 
together the larger the series number, and for the series number 
m~os the difference reaches the limiting value 97-59 cm." 1 . 
The two limiting terms necessary to characterise the series are 
found to be 16809-620 (M,) and 16907-190 (3d 2 ). Making use of 
these limiting values, the wave-lengths calculated and observed 
are compared and a remarkably good agreement is obtained. 

J. F. S. 

Arc and Spark Spectra of the Alkalis, Alkaline Earths, 
and Earths. E. Seeligek and D. Tiiaer (Ann. Physik, 1921, 
[iv], 65 , 423 — 448). — The arc and spark spectra of lithium, sodium, 
potassium, magnesium, calcium, zinc, mercury, and aluminium 
have been investigated. It is shown in all these cases that the 
displacement law is correct in so far as all the lines of the elements 
may be arranged in two groups of smaller and larger exciting 
energy. The energy necessary for the excitation of the arc lines 
increases from the alkalis to the earths through the alkaline earths. 
The energy necessary for excitation of the are lines of one and the 
same element increases in the order : Bergmann series, principal series, 
second subsidiary series, first subsidiary series, single line series, 
spark lines. The unknown form of the excitation function has 
considerable influence in both the above c-ases. It is significant 
that in its entire behaviour the Bergmann scries, of the whole 
arc series, is furthest removed from the spark lines. The spark 
spectrum (fundamental spectrum) of sodium has been observed in 
the negative glow of the, glow discharge. The results concerning 
the intensity relationships at the edge of the glow discharge show 
that the exciting energy of the single line series is greater than 
that of the remaining arc series. Vigorous evaporation of the 
cathode in a glow discharge is not generally sufficient to lower 
the cathode potential to that characteristic lower value required 
for the arc, but an anomalous cathode fall may be set up over a 
vaporising molten cathode. J- -P- ®- 

Absorption of Light by Elements in a State of Vapour. 
The Halogens. (Sib) J. J. Dobbie and J. J. Fox (Proc. Roij. 
So c., 1921, [A], 99 , 456 — 161 ; cf. A., 1920, ii, 170).— The absorp- 
tion of light by iodine and bromine vapour and by chlorine has 
been examined at temperatures from 22° to 1350°. When light 
from a Nemst filament is allowed to fall on a white screen after 
passing through bromine vapour at various temperatures it is 
found that the colour, which is deep orange at ordinary tempera- 
tures, changes to brick red at 100°, the intensity of the transmitted 
light diminishes at 600° and above, and the vapour is most opaque 
at 900°. Above this point the colour changes to orange-red; at 
1200° it is pale yellow, and at still higher temperatures nearly 
white. The absorption increases regularly up to about 900° ana 
then falls off continuously. The absorption band has its middle 
situated at about A4170. Iodine vapour changes colour on heating, 
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at temperatures up to 300° the colour being reddish-violet, which 
deepens in shade up to 500°. At this temperature, the intensity 
of the transmitted light is much enfeebled and remains so to 800 1 , 
when it again increases, the violet shade becoming lighter. At 
still higher temperatures, the violet shade passes gradually into a 
bright salmon colour, and finally disappears almost entirely. The 
absorption increases regularly to 600°, and is much more distinctly 
defined than in the case of bromine. In the case of chlorine, the 
absorption becomes greater with increase of temperature up to 
1190 °, but up to this temperature no reversal is observed as in the 
other cases. The results are discussed in connexion with the 
dissociation and size of the molecules of the halogens. J. p. S. 

Colorations produced by Substituted Nitroforms. Hugh 
Graham and Alexander Killen Macbetii (T., 1921, 119 1362— 
1368). 

Criticism of Bohr’s Theory of Light Emission. A. Sommer. 
Feld (Jahrb. Radioakliv. FAeldronik , 1921, 17, 417— 429).— The 
author supports Bohr’s theory against criticisms of J. Stark (this 
vol, ii, 232). j. r. p. 

Significance of Continuous Absorption and Emission 
Spectra in Bohr’s Theory. R. Ladenburg (Jahrb. Madioalctiv. 
Elehronik, 1921, 17, 430— 434).— Polemical with J. Stark (see 
preceding abstract). J. R. p 

Luminescence of Solid Solutions. Gerhard C. Schmidt 
(Ann. Physik, 1921, [ivj, 65, 247 256).— The author has examined 
the luminescence of a number of dyes adsorbed in other material 
and finds that in no case is any lluorescence to be observed ; on 
the other hand, the same dyes when in solid solution in gelatin 
or phthalic acid exhibit a very pronounced fluorescence. Among 
the dyes examined were bismarck-brown, quinoline-yellow, congo- 
red, ponceau-red, eosin, methylene-blue, and methyl-violet. The 
difference noted above can be shown with one and the same sub- 
stance as solvent or adsorbent; thus benzoic acid in which methyl- 
violet is adsorbed shows no fluorescence, whilst when the methyl- 
violet is dissolved in the acid to form a solid solution a very intense 
yellowish-red fluorescence is observed. It is shown further that 
the fluorescence of fluorescein, eosin, and liuoridin in benzidine, 
benzoic acid, phthalic acid, acetamide, benzamide, and acetanilide 
is the same in both liquid and solid solutions. The adsorption of 
methyl-violet in benzoic acid from aqueous solution follows the 
partition law. The author attributes the different behaviour in 
the two cases to the different condition of the dye substance ; in 
the case of adsorption, the dye lies on the surface, but in the case 
solid solutions the dissolved substance lies in the crystal lattice 
. solvent. The difficulty ol formation of solid solutions in 
.inorganic substances is considered and explained. J. p. S. 

: Active Racemic Substances. Marcel Det.epine (Bull. Soc. 

‘ m ’’ ™1, [iv], 29, 656 — 669). -A discussion of the literature on 

21—2 
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this subject, in which the author adopts the more general definition 
of a racemic compound as a crystalline edifice composed of molecules 
of dextrorotatory configuration and of lsevorotatory configuration 
in equal numbers. Optical activity is only an accessory pheno- 
menon dependent on the quality of each molecule. This is amplified 
by illustrations showing the possibility of obtaining active racemic 
compounds. W. G. 

Temperature Coefficient of the Electrical Double Refrac- 
tion in Liquids. II. C. Bf.rgholm (Ann. Physik, 1921, [iv], 65 
128 — 142; cf. ibid., 1910, 51, 414). — The temperature coefficient 
of the electrical double refraction has been determined, by the 
method previously adopted, for the liquids : toluene, m-xylene 
carbon disulphide, chlorobenzene, bromobenzene, chloroform' 
ethyl ether, ethylene dibromide, and carbon tetrachloride. It ^ 
shown that the agreement between the observed and calculated 
values of the temperature coefficient is only qualitative. The 
relationship, B t =jB 2 between the Kerr constant at 1° and 20° in 
the case of toluene and carbon disulphide is very nearly dependent 
on the wave-length of the Mght used. In the case of liquids with 
a more positive Kerr constant, B,-, the expression 5,»2'/(<+2) ! is 
very nearly constant, t being the dielectric constant at f. 

J.F.S. 

New Application of Einstein's Photochemical Equivalent 
Law. Walter Noddack (Zeitseh. Elelrtrochem., 1921, 27, 359 — 
364). — The photochemical reactions between bromine and cyclo- 
hexane and between chlorine and tricblojobromomcthane have 
been investigated. In' the former case a slow, dark reaction takes 
place; in the latter no recognisable change takes place in forty 
days at 37°, but some reaction occurs at 100° in several hours (see 
this vol., ii, 580). It is shown that both reactions follow the 
Einstein photochemical equivalent law, the divergences observed 
being explained by the experimental error and by the complicated 
dark reaction. In the case of the reaction between chlorine and 
trichlorobromomethanc, it is found that admixture with carbon 
tetrachloride lowers the photochemical effect with increasing 
dilution. This phenomenon is ascribed to the energy loss cf the 
activated molecules owing to indifferent collisions with the carton 
tetrachloride molecules. The illumination of the mixture : chlorine, 
trichlorobroruomethane, carbon tetrachloride, represents a limiting 
case of pure photochemistry and in it the light energy is partly con- 
verted into chemical encigy and partly into heat. The life of the 
Bohr condition has been deduced from the decrease of the photo- 
chemical effect, and is found to be approximately 10~ 9 seconds. 

J. F. S. 

Photographic Colloid-Chemical Crystallisation Processes. 

A. Stf.iomanx (Kolloid Zeitseh., 1921, 29, 145 — 148; cf. this vol., 
ii, 13, 147). — A theoretical paper in which the author discusses the 
results obtained in previous papers (toe. cit.). J. F. S. 
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Passivity and Photo-electricity. Wilhelm Frese [Zeitsch. 
kiss. Photochem., 1921, 21, 37—44). — The connexion between 
passivity and the photoelectric sensitiveness of metals has been 
examined (Allen, A,, 1913, ii, 172). It is shown that the photo- 
electric* sensitiveness of iron, zinc, and aluminium is greatly reduced 
after treatment with alcohol cr water. In the case of copper, 
cobalt, nickel, silver, gold, and palladium, a similar treatment 
brings about only the slightest reduction of the photoelectric 
sensitiveness; in the ease of platinum there is no change at all. 
ill oxidising agents, which render iron, nickel, and cobalt passive, 
strongly reduce the photoelectric sensitiveness, whilst reducing 
agents, particularly nascent hydrogen, increase it. The above 
action is more intense the longer the reagents remain in contact 
with the metal. The same phenomenon is observed in the ease of 
platinum and palladium, and also in metals which do not become 
passive, proving that the parallelism between passivity and photo- 
electric sensitiveness as found by Allen ( loc . c it.) is incorrect. In 
the case of gold, silver, zinc, copper, and aluminium, the photo- 
electric sensitiveness is greatly reduced by oxidising agents and 
increased by reducing agents. The above results are explained as 
follows. The reduction of the photoelectric sensitiveness of iron, 
aluminium, and zinc by treatment with alcohol or water is attributed 
to the formation of a thin film of oxide. That no such action occurs 
in the case of the nobler metals is due to the greater difficulty ex- 
perienced in oxidising these elements. The great increase in the 
photoelectric sensitiveness brought about by hydrogen points to 
the fact that hydrogen is the carrier of photoelectric sensitiveness. 
That all metals when charged with hydrogen become strongly 
photoelectric supports this view. ' J. F. S. 

X-Ray Bulb with Liquid Mercury Anticathode and Wave- 
Length Measurements of the L-Spectrum of Mercury. Alex 
Mullek {Phil. Mai]., 1921, [vi], 42, 419 — 427). — An arrangement 
is described in which an anticathode of liquid mercury is bombarded 
by cathode rays for the production of the A'- ray spectrum. The 
wave-lengths of 14 lines in the A-spectrum are given, varying from 
854-8—1418-3 (XlO~ n cm.). j. R. p. 

Effect of the Rays from Radium, .Y-Rays, and Ultra-violet 
Rays on Glass. J. R. Clarke (J. Soc. Glass Technology, 1921, 
5, 155 — 165). — A series of soda-lime glasses of the same composition, 
except that some contained selenium, some cobalt oxide, and others 
no admixture, have been exposed to the action of a-, p- and y-rays, 
P- and y-rays; y-rays, X-rays, and ultra-violet rays respectively. 
All glasses containing selenium or cobalt oxide were coloured brown 
? P-rays, the depth of coloration corresponding with the range of 
P-particles in the glasses. The intensity of coloration was 
greatest at the surface, decreased toward the interior, and increased 
increasing selenium or cobalt oxide content. As the radiation 
Pronged, the intensity increased to a maximum which 
e pHided on the percentage of colouring agent, and then remained 
onstant. The pure soda-lime glass was only affected by a-rays. 
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being faintly coloured on the surface only. None of the glasses 
were affected by .X-rays, y-rays, or ultra-violet rays. All the 
glasses fluoresced in radium emanation, but a fatigue effect was 
observed at about the same time as the attainment of maximum 
intensity of coloration. The coloration of glasses is regarded as 
due to the formation of colloidal particles in the glass. The presence 
of such particles is explained as being due to the action of tt- or 
fl-rays on ions already present in the glasses. The fluorescence is 
held to be due to mechanical bombardment of the glass molecules 
by the rays. J. F. 8. 

Soft Characteristic X-Rays from Arcs in Gases and Vapours. 

F. L. Mohler and Paul D. Foote ( J . Washington Acad. 8ci., 1921, 
11, 273 — 274). — If an electron current is maintained by a potential 
V between a hot cathode and anode in a vapour at low' pressure, 
successive changes in the spectrum excited by electron impact occur, 
as V is increased. The maximum frequency of each additional 
group of lines, r, is related to the minimum exciting potential by 
the quantum equation Ve=hv. The stages in the discharge were 
studied by measuring the photoelectric effect of the radiation on 
two other electrodes entirely shielded from ions produced in the 
arc. The photoelectric current plotted as a function of the exciting 
voltage shows nearly a linear relation with changes of slope at 
critical potentials. In this way potentials are. found which are 
determined by the limiting frequency of the softest X-ray series 
of sodium, magnesium, phosphorus, sulphur, chlorine, carbon, 
nitrogen, and potassium. A new X-ray series of feeble intensity 
was detected. J. R. P, 


Nickel Isotopes. F. H. Lori.vo ( Chern . News, 1021, 123, 
81). — Certain modifications in previous calculations (see A., 1920, 
ii, 171) are made in view of the announcement of the existence of 
isotopes of nickel, of atomic weights 58 and 60, by Aston (Nature, 
1921, 108, 520). J- R- R 


Variation o! Resistance of Selenium with Temperature. 

Snehamox Datta (Phil. Mag., [vi], 42, 463- -470). — The change of 
resistance of selenium with temperature is given by the equation 
ff ( =[65'01-r-0'86(-f0'0029l 3 ]x 10 4 ohms. The constants depend 
on annealing and on the past history of the cell. Not more than 
0'04 of the “ light effect ” is attributable to the heat produced by 
light. A change of colour accompanies the change in resistance on 
warming crystals of selenium produced by sublimation. The 
experiments suggest that if transformation into allotropic forms 
occurs, as seems probable, this takes place at all temperatures and 
the various modifications are in dynamic equilibrium, the quantity 
of each variety depending on the temperature. The degree of 
stability of each modification depends on the time during which it 
is maintained at one temperature. J. R. P. 


Chemical Action of the Electric Discharge. I. G. Poma 
( Oazzelta , 1921, 51, ii, 58 — 70).— A critical resume is given of the 
different views which have been expressed regarding the nature of 
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the mechanism of the chemical actions exerted by the electric 
discharge (of. following abstracts). T. H. P. 

Chemical Action of the Electric Discharge. II. G. Poma 
uni 6' Bassi ( Qazzella , 1921, 51, ii, 71 — 79). — The vapours of a 
number of organic compounds have been subjected to the action of 
a n intense explosive discharge from an induction coil, the resulting 
mixture of products being analysed. Compounds of low molecular 
iveight lead to no separation of carbon, this commencing with com- 
pounds containing four atoms of carbon in the molecule and in- 
creasing with more complex compounds. Compounds with several 
oxygen atoms in the molecule form, in addition to carbon, water and 
various organic compounds, the latter in proportions too small to 
admit of analysis. 

Methyl alcohol decomposes almost completely in accordance with 
the equation CH 3 'OH=CO+2H 2 , only small proportions of carbon 
dioxide, acetylene, and methane being formed. With the higher 
alcohols, however, considerable quantities of acetylene and methane 
are obtained ; the proportions of acetylene and carbon monoxide 
appear to depend solely on the molecular weight of the alcohol, 
whereas those of methane and hydrogen are influenced also by the 
molecular structure, the methane increasing with the proportion of 
methyl groups in the molecule. 

Formic acid vapour gives approximately 1, 2, and 1 vols. of 
carbon dioxide, carbon monoxide, and hydrogen respectively, 
together with small amounts of acetylene and methane; the 
decomposition evidently occurs in two ways, represented by the 
equations, H'C0 2 H=C0 2 +H, and 2H-CO,IU2CO+2H 2 0. When, 
however, the molecular weight is increased, either by esterification 
of the formic acid or by passage to higher homologues, the propor- 
tion of carbon dioxide formed diminishes considerably, but not 
regularly. T. H. P. 

Chemical Action of the Electric Discharge. III. G. Poma 

and A. Xcsti (Gazzetia, 1921, 51, ii, 80 — 94). — By means of a 
Siemens ozoniser the action of the dark electric discharge on the 
vapours of a number of compounds has been investigated. With 
methyl alcohol, the mixture of gaseous products formed has the 
following percentage composition by volume : carbon monoxide, 
10-8; methane, 15-5, and hydrogen, 73-3; formaldehyde is pro- 
duced, but the other liquid and solid products of the reaction have 
not yet been investigated. The changes taking place are probably 
represented by the equations : CHyOR— CO-f2H 2 , 2CH 3 -OH= 
-CH 4 q-0 2 , and CHyUH- M’CMO | H 2 ; the oxygen liberated 
probably unites with hydrogen to form water. 

With ethyl alcohol, the gaseous products contain, in percentages : 
carbon dioxide, 2-2 ; carbon monoxide, 4-4 ; acetylene and ethylene, 
M; methane and ethane, 2G-0, and hydrogen, 59-0; acetaldehyde 
and other products are also formed. In the case of formic acid, 
™ decomposition appears to take place according to the two 
equations, H-C0 2 H=C0,+H, and 2H-aOJl-2CO - 211 , 0 , the 
gaseous products containing 224% of carbon dioxide, 53'6% of 
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carbon monoxide, and 23-8% of hydrogen; the liquid product 
distils completely. With acetic acid, the gaseous products have 
the percentage composition : carbon dioxide, 35-4 ; carbon mon- 
oxide, 18-5; methane and ethane, 17-3, and hydrogen, 28-3, and 
are apparently formed by the reactions, 2CH 3 , CO j! H==2CO J -f 
C 2 H 6 +H 2 and CH.-C0„H=CH 4 +C0 2 ; the liquid product distils 
without residue. In the case of acetone vapour, the electrical 
conductivity is greater than with the above compounds, and less 
gaseous products are formed, the percentage composition of these 
being: carbon dioxide, 1*6; acetylene and ethylene, 5*0; carbon 
monoxide, 38-1, and methane and ethane, 55-3; hence for the 
gaseous phase the principal reaction is CHj’CO'CHj^CO-fCjL 
The liquid products contain a y-diketone, probably acetonyl* 
acetone. With methyl ethyl ketone vapour, the gaseous products 
have the percentage composition : acetylene and ethylene, 12-5; 
carbon monoxide, 32-8; methane and ethane, 43-b, and hydrogeiy 
10'2 ; the liquid products were shown to contain s-dimethylacetony]. 
acetone, but were not analysed completely. 

In general, the dark electric discharge favours endothermic 
chemical reactions, although in some cases it may determine the 
sudden rupture of a false equilibrium, and hence cause an exo- 
thermic reaction. To a certain point parallelism exists between 
the action of the dark electric discharge and that produced by a 
rapid rise in temperature, although such parallelism is evidently 
imperfect. T. H. F. 

Anodic Behaviour of Metals in Non-aqueous Solutions. II. 
Behaviour of Various Metals in Acetone Solutions. Umberto 
Sborgi and Paolo Marchetti (A htoiv Cim., 1921, [vi], 22, 151- - 
175).— The authors have investigated the anodic behaviour of 
various metals in acetone solutions of lithium chloride and silver 
nitrate, the apparatus and methods employed being identical with 
those used in the experiments on methyl alcoholic solutions (Alii 
H. Inst. Venelo, July, 1921). 

In saturated solution of lithium chloride in acetone, anodes of 
nickel, cobalt, iron, zinc, and cadmium dissolve as bivalent metals 
and copper as a univalent metal, whilst aluminium dissolves to 
an extent greater than that calculated for a tervaient metal. The 
various phenomena accompanying the attack of the metal, such ai 
formation of precipitates, coloration of the anodic liquid, etc., are 
discussed for each ease. At the platinum cathode there takes 
place evolution of gas, deposition of lithiuii and lithio-acetonc, 
and formation of precipitates containing the anode metal. 

In saturated solutions of silver nitrate in acetone, anodes of iron, 
nickel, and cobalt exhibit passivity under various conditions and 
those of lead and aluminium show partial mechanical passivity, 
whilst copper is dissolved as a bivalent metal; the passifying 
influence of acetone is evident in all these cases. 

These results and those obtained with nickel anodes in methyl 
alcoholic solutions (loc. cit.) show that metals that are passive ana 
anions which are passifying in aqueous solutions exhibit the same 
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characteristics in non-aqueous solutions, although the solvent itself 
also exerts a decided influence. T. H. P. 

Hydration of the Lithium Cation. J. Bartaorovsy and 
V. Han All ( Chem-Listy , 1921, 15, 3 — 5). — The authors determined 
hy a direct gravimetric method the increase in weight of the solu- 
tion of lithium chloride at the cathode. The amounts of lithium 
chloride and ivater that were carried to the cathode were calculated 
from the difference between the initial and final concentrations of 
the cathode solution. These data yielded the transport number 
of the lithium ion and the amount of water associated with the 
lithium ion. Presupposing that the chloride ion has no affinity 
for water, it is indicated that eighteen molecular proportions of 
water are linked with the lithium ion. Chemical Abstracts. 

Application of the Law of Mass Action to Strong Electro- 
lytes and the Derivation of the General Equation of the Ionis- 
ation Isotherm. William Hughes (Phil. Mag., 1921, [vi], 
42, 428—431). — The equation previously deduced (this voh, ii, 481) 
is applied to obtain a general relation between V and a, of which 
the equations of Ostwald, lludolphi, van't Hoff, and Partington 
are special cases. Complete ionisation need not be assumed, and 
the law of mass action holds good in the ease of strong electrolytes 
if active mass is represented by a momentum term, as is necessary 
in all applications of the law. The suggestion that the abnormality 
of strong electrolytes is due to the abnormal osmotic behaviour of 
the ions is in entire agreement with the fundamental assumptions 
made. J. R, P. 

The Transformation of Iron at the Curie Point. P. Dejean 
(Contpf. rend., 1921, 173, 412 — 414). — A comparison of the in- 
tensity of magnetisation of a cylindrical steel bar 1-2 m, long and 
20 mm. in diameter with that of a similar bar composed of 120 
small cylinders 10 mm. long and 20 mm. in diameter having varying 
definite interspaces between the small cylinders. The variation of 
the intensity of magnetisation with the interspace is of the. same 
type as its variation with temperature. This is explicable if an 
increase in temperature provokes a progressive spreading of the 
elementary magnets in the bar. This may be produced by a pro- 
gressive transformation of a magnetic a-form, stable in the cold, 
into an isomorphous, noil-magnetic fi-form, stable at higher tem- 
peratures or simply by a spreading of the magnetic elements 
progressive with rise' in temperature. W. G. 

The Importance of Experiments at Very Low Tempera- 
tures. C. A. Crommelin (Chrm. Wcethlad, 1921, 18. 483 — 
hi, 499 — 503, 515 — 519). — A discussion chiefly of the work of 
kamerlingh Onnes and his co-workers at Leiden on critical point 
phenomena, and the relation between magnetic susceptibility and 
temperature. S. I. p, 

Relationships of the van der Waals Constants. W. Herz 
' ei,sc ^' Elehrochcm., 1921, 27, 373 — 375). — A theoretical paper in 

21 * 
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which it is shown that van der Waals's constants, a and b, in the 
case of non-associated liquids, can be calculated from : the number 
of atoms in the molecule (re), the number of valencies in the molecule 
(z), from critical data, and other constants. In the case of the 
constant b, the value may be ascertained by the expressions m 
h=412«I0- 6 ; (2) 5=201zl0^; (3) &=795-16iP10- 4 /77<J >; j 4 
h=12354d J 10~ 3 /p i 2 . The value of b as calculated by each of these 
expressions is recorded for twelve substances and the results are 
compared with the standard values. It is shown that there is an 
approximate agreement among the values, those obtained from 
formula 4 being the least in agreement. The constant a calculated 
from, (a) a=5-094re7 , t 10- 6 ; (6) a=2-4fe-JT.10- 6 ; (7) a=4-5846« 2 p t .l()-s ■ 
(8) a = 1474-7134/ 2 1 0" 6 / T4s and (9) a=23992W/7',10^/p t a . The 

value of a is calculated by all the above formula for eleven sub- 
stances, and a fair general agreement with the accepted values 
obtained. A formula is developed whereby the coefficient of 
expansion of normal organic liquids may be calculated from the van 
der Waals constants. This has the form -ff 20 = 11 (a/0-006186) — 293}, 
The agreement between the value of A' 20 calculated by the above 
formula and the experimental value is moderate. J. F. g, 

Nernst's Heat Theorem and Chemical Constant. Errcm 
Yamazaki (J. Tokyo Chem. Soc., 1920, 41, 19 — 35). — A mathe- 
matical paper, in which the explanations of the constant by Nernst 
and by Saokur are criticised. Calculated values, in good agree- 
ment- with Nernst’s values, are given for a number of substances. 

Chemical Abstracts. 

Influence of Chemical Constitution on the Thermal Proper- 
ties of Binary Mixtures. IV. The Constituents of Anthra- 
cene Oils. Paul Pascal (Bull. Sor. cliim., 1921, (iv), 29, 644— 
656; of. A., 1913, ii, 292, 304, 1031), — The author has determined 
the melting-point curves of binary mixtures and some ternary 
mixtures of anthracene, phenanthrene, acridine, carbazole, retene, 
chrysene, and 4-methylacridine. Anthracene, phenanthrene, and 
carbazole, taken two by two or all three together, give a continuous 
series of mixed crystals. Thu melting-point curves of binary 
mixtures containing acridine as one component always show a 
minimum point. The introduction into a binary mixture of a 
constituent with an nnsymmetrical molecule almost always result 
in isodimorphisra, except in some cases when the lack of symmetry 
is due simply to the structure of side chains, substituted in tw( 
symmetrical nuclei. < ' W. G. 

Standardised Method for the Determination of Solidifi- 
cation Points, especially of Naphthalene and Paraffin. B. M. 

Wilhelm and J. L. Finkelstein (Bur. Standards, Sci. Papers , 
1919, 340, 158 — 197). — The apparatus consists of a test-tube with 
thermometer and glass stirrer air-jacketed by insertion through the 
cork of a wide-mouthed bottle, which is immersed in a water-bath. 
The solidifying point corresponds with the first series of five or 
more readings, during which the temperature remains constant 
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(_j-0'02 o ). Usually under-cooling will occur, in which case the 
constant temperature should he observed immediately after the 
under-cooling ceases. Chemical Abstracts. 

The Efficiency of certain Fractionating Columns in Dis- 
tillation in a Vacuum. Some Laboratory Designs. L. 

Smith {!■ W- Ohem., 1921, 102, 295 — 304). — A preliminary account 
j s given of the use of a large number of fractionating columns in 
the distillation of a mixture of glycerol monochlorohydrins under 
diminished pressure. The viscosity of the mixture inhibits the 
employment of all those types in which heads are used. It is 
found that the bulbous columns (including the Young “ evaporator ” 
still-head) have in general little efficiency and are markedly inferior 
to the “ rod and disk ” and Vigreux types. The reason of this is 
to bo found in the incomplete mixing of the vapours in the more 
voluminous apparatus, a defect which must be more apparent in 
vacuum than in ordinary distillation, on account of the much 
greater velocity of the stream of vapour. The rate of distillation 
has an unexpectedly great effect on the separation; an efficient 
Vigreux column did not give any better result than the worst 
head when the rate of distillation with the former was two and 
a half times as great as with the latter. Efficient separation can 
only be obtained by distilling as slowly as possible, but, under 
these conditions, it is exceedingly difficult to keep the process 
uniform. II. W. 

The Arrangement of the Molecular Volumes of the Oxides 
in the Periodic System. D. Balareff (J. pr. Chem., 1921, 102, 
283 — 286).— -A new tabic of molecular volumes of solid oxides is 
given. The graph showing the connexion between this factor and 
the atomic weights of the elements does not exhibit any striking 
regularity. The curves of the individual sub-groups are more 
uniform, eight of them having a minimum in the first portion. 

H. W. 

Influence of Temperature on the Viscosity of Normal 
liquids. Edm. van Aubel (Compt. raid., 1921, 173, 384 — 
187}.— The variation of the viscosity of normal liquids with tem- 
perature may be represented by the equation log (0— t), 

Aere $ is the inverse of the viscosity, I is the temperature observed, 
is the critical temperature of the liquid, and m and n are constants. 
Ms equation is verified in the eases of chlorobenzene, ethyl acetate, 
ad benzene. W. G. 

Jhe Dimensions of the Molecules of Fatty Oils and some 
'henomena of Molecular Solutions, Paul Woog {Compt. rend., 
173, 387—390 ; cf. ibid., 1921, 173, 303).— If a solid saturated 
it aid an unsaturated liquid fat in separate benzene solutions are 
cured successively on to water the products cover a surface 
pivalent to the of the areas of the molecules considered 
ipaiately. They orientate freely on the water and do not influence 
le an °thcr. If, however, the two fats are dissolved together in 
and the solution is poured on to water, the area covered 

21* — 2 
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by the mixed molecules differs from the area calculated by addition. 
This phenomenon is attributed to an influence of the unsaturated 
molecules on the solid molecules. W. G. 

Behaviour o! Cotton and Wool toward Substantive Dyes. 
R. Haller ( Kolloid Zeitsch., 1921, 29, 95 — 100). — It has been 
shown that diamine-blue-3R dyes vegetable fibre, as instanced by 
cotton, blue, whilst animal fibre is dyed corinth-red, as shown by 
wool. The behaviour of this dye has been investigated It i s 
shown that, as in the case of congo-rubm (this vol., u, 28) solutions 
of diamine-blue-3R consist of particles of different degrees of dis- 
persion. The highly disperse particles are corinth-red m colour, 
whilst the loss dispersed particles are blue. These tvra types of 
particles may be readily separated by ultra-filtration. It is pointed 
out that generally cotton is dyed by the larger particles and wool 
by the more dispersed particles. This point is considered in con- 
nexion with the acid dyes and the benzidine dyes; the former arc 
very high l y dispersed whilst the latter consist of much larger 
particles, and it is the former class which dyes wool. It is pointed 
out that for each type of fibre (animal or vegetable) there is a 
definite specific degree of dispersion of the dye necessary for the 
maximum colour effect. In the cases of congo-rubm (loc. cit.) and 
diamine- blue-3R it has been shown that the degree of dispersion 
may be changed by the addition of neutral salts; hence it follows 
that by the use of a suitable concentration of a given neutral salt 
every substantive cotton dye is capable of becoming a usable 
wool dye. *; * 

The Determination of Surface Tension from the Rise in 
Capillary Tubes. Samuel Sugdex (T., 1921, 119, 1483— 14.1i). 

Application of Dalton’s Law to Concentrated Solutions; 

Radu Cernatesco {Ann. sci. Univ. Jassy, 19i0, 10 , 2oa .... 
from Ohm. Zentr., 1921, iii, 199 ).— The freezing-point depressions 
of pairs of non-electrolytes were determined separately and when 
mixed for the same solvent. The osmotic pressure of the mixture 
may be less or greater than the sum of the osmotic partial pressures 
The relation of the osmotic pressure to the sum of the partial 
pressures may also be reversed with increase or decrease ot con- 
centration. The Abegg formula is inadequate and the facts can 
only be explained with the help of van der Waals s theory. - _ 
formula for the osmotic pressure of mixtures, based on the moddi 
Nernst formula of Bogdan [Chcm. Zenlr., 1916, i, 1006) i> ’ e ' ’ ■ 
The anomalies observed in freezing-point depressions witn strong 
electrolytes are probably due also to the fact that observed depres- 
sions are not equal to the separate partial depressions. '• 

Formation and Stability of Modifications of Polymorpho 
Substances Below their Transition Temperature. U. 

(Centr. Min., 1921, 504— 505).— In reply to Brauns s criticism of 
author's explanation of the genesis of doubly refracti g . 

(this vol., ii, 387), it is pointed out that in the case of this ■ ® 
the transition from the highly symmetrical to the mimetic 
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jjcation takes place with such rapidity that it is unlikely that growth 
could ever take place in the former modification at a low tempera- 
ture. A temperature of 265° is assumed to have occurred only 
locally as a result of chemical processes. E. H. R. 

Low Concentrations in Colloid Chemistry. H. R. Kruyt 
jCkcm. Weekblad, 1921, 18, 475 — 479). — A paper recapitulating 
the present knowledge of the influence of traces of electrolytes on 
the stability of colloidal sols. S. I. L. 

Sulphide Sols. II. Sol Preparation by means of Gaseous 
Hydrogen Sulphide. Friedrich- Vincenz von Hahn (Kdloid 
Zdtsch., 1921, 29, 139 — 143). — The author has investigated the 
production of metallic sulphide sols by the action of gaseous 
hydrogen sulphide on solutions of salts. The influence of tempera- 
ture, rate of passage of the gas, and duration of the treatment on 
the stability of the resulting sol has been particularly considered. 
These three factors are shown to have a determining influence on 
the stability. The velocity of precipitation is known to have a 
considerable influence on the dispersion of the resulting system. 
The more rapid the formation the greater in general is the degree 
of dispersion. In the present case, the formation of the precipitate 
reaches its maximum velocity when the duration of treatment 
with the gas has readied a definite value; consequently further 
treatment is without any influence on the stability of the system. 
The same applies to the temperature ; that is, there is a particular 
temperature at which the velocity of precipitation, the dispersion, 
and the stability of the sol produced arc at a maximum and further 
increase of temperature is without influence. The velocity of 
precipitation increases also with the rate of passage of the gas. 
All three factors tend to increase the velocity of formation and 
thereby the degree of dispersion, which means an increase in the 
stability (cf. this vol, ii, 40). J. F. S. 

Theory of Gels. III. Samuel Clement Bradford ( Biochem . 
J., 1921, 15, 553—502; cf. A., 1920, i, 452). — The reversible sol-gel 
transformation of the natural emulsoids is an extreme case of 
crystallisation and solution in conformity with von Weimam’s 
ideas. The true solubility of gelatin in water at 18° is 0-12 gram 
per 100 c.e. A 0-13% solution is metastable and has a blue 
opalescence. On slight increase of concentration, the gelatin is 
deposited as particles, mostly just below microscopic size. A 
further increase of concentration increases the bulk of the pre- 
cipitate, the particles decrease in size, and at about 0-7% the 
precipitate fills the solution as a white, cloudy jelly. Similar 
results were obtained with agar, and small sphserites with starch. 
Clear gelatin gels become opalescent and develop sphserites on 
prolonged keeping. G. B. 

General Colloidal Chemistry. II. Time Change of Colloidal 
Stannic Acid after Peptisation with Alkali Hydroxide Solution. 

Adolf Stiegler ( Kolloid Zeilsch ., 1921, 29, 05 — 81). — The elec- 
tncal conductivity and hydrogen-ion concentration of solutions of 
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stannic acid in potassium hydroxide of varying concentrations have 
been determined at 25° at various times over long periods. It j 8 
shown that colloidal stannic acid after peptisation with potassium 
hydroxide shows a change in its specific conductivity with time. 
With a series of solutions of stannic acid of different amounts of 
stannic acid in a solution of potassium hydroxide of constant 
composition, it is found that the solutions richer in tin undergo 
an immediate increase in specific conductivity, whilst the solutions 
poorer in tin at first suffer a decrease in conductivity followed by 
an increase. The increase in conductivity continues for months at 
a steadily decreasing rate. The concentration of hydroxyl ion 8 
decreases with time and is complete in about eight days. The 
specific conductivity of the colloidal portion has, in hydroxide 
solutions of all concentrations, a final value for the conductivity 
which is two to three times the initial value. The cause of the 
change in conductivity is considered, and shown not to be due to 
“ temporary hydrolysis,” as has been previously thought. The 
reactions represented by the equations (a) AB -(-HOII — AH +BOH ; 
mBOH+nAB jJmBOHnAB ; (b) AB-j-HOHji AH -f BOH ; 2B0K-> 
B 2 0+H 2 0, may be taken as representing the cause of the com 
ductivity changes. H 8. 

The Hydration of the Fibres of Soap Curd. I. The Degree 
of Hydration determined in Experiments on Sorption and 
Salting Out. James William McBain and Herbert Ernest 
Martin (T„ 1921, 119, 1369-1374). 

The Hydration of the Fibres of Soap Curd. II. The 
Dew-point Method. James William McBain and Cyril Sebas- 
tian Salmon (T„ 1921, 119, 1374-1383). 

Structures in Disperse Systems. G. Weissenbekoee 
(. Kottoid Zeitsch., 1921, 29, 113— 124).— A theoretical paper in 
which the structure of disperse systems is considered on the basis 
of a large amount of work published by the author and others. 
It is shown that solutions of dispersoids, when a definite concen- 
tration is exceeded, possess a tendency whereby the particles 
assume an ordered arrangement. The cause of this is found in 
the interference with the free spatial movement of the particles. 
Consequently, the phenomenon is not observed in suspensoids, 
since these have particles which, not being surrounded by a water 
sheath, are very small and their free movement is not interfered 
with until the concentration becomes very great. On the other 
hand, emulsoids and pscudo-emulsoids, which have particles sur- 
rounded by water sheaths and consequently may be very large, 
are systems in which the hindrance to free motion may be very 
great and is readily observed. Even at low concentrations, this 
occurs and furnishes the tendency to the structure formation. 
The elements of structure formation are the primary particles 
(micella;) ; these may be either of a crystalline nature or a con- 
glomeration of molecules. The arrangement of the molecules in 
these aggregates follows definite laws, since in similar circumstances 
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the same aggregates are always produced, but a change in the 
conditions brings about a change in the size and density of the 
aggregate. The primary particles are resistant and are the carriers 
of chemical reactions; they may preserve their size and other 
properties unchanged through a chemical reaction. In emulsoids 
and dispersoida, small discontinuities are often observed micro- 
scopically. These are not accidental, since the same type of dis- 
continuity always occurs in identical circumstances. In addition 
to the primary structure elements, larger structure elements are 
also formed by the aggregation of numbers of primary elements. 
In such structure aggregates, the area of the particles actually 
touching becomes smaller in relation to the total mass the larger 
the number of primary structure elements composing the aggre- 
gate, and in consequence the solidity and resistance of the structure 
decreases very rapidly the larger the secondary structure elements. 
These colloidal structures are destroyed by chemical and mechanical 
forces in exactly the same way as crystalline structures, and arc 
reformed in the same way. There is a concentration region where 
the formation of a colloidal structure is at its optimum, which is 
generally found in the region of small dispersion and in the neigh- 
bourhood of the turbidity conditions. By suitably choosing the 
concentration relationships, it is possible to follow the formation 
of the colloidal structure microscopically right up to the macroscopic 
structure. J. F. S. 

Colloid-Chemical Phenomena in the Tyrosinase Reaction. 

Hugo Hauhn ( Kolloid, Zeilsch., 1921, 29, 125 — 130; cf. this vol., 
ii, 528). — The author has investigated the nature of the variously 
coloured melanin obtained in the tyrosinase reaction. In the 
ordinary course of the reaction, the melanin passes through a series 
of colours, red, brown, violet, blue, and black. It is shown that 
the ferment tyrosinase consists of two parts, the enzyme, ce-tyro- 
sinase, and an inorganic salt. Neither the enzyme nor the inorganic 
salt alone will effect the reaction, hut a mixture of the enzyme 
and an inorganic salt (calcium chloride, zinc sulphate, cadmium 
sulphate, and many others) effects the reaction, although not 
always is the scheme of colours passed through, but the black 
product is obtained in every case. A number of experiments tend 
to show that the essential difference between the red and black 
melanin is a difference in the degree of dispersion. This cannot 
be definitely proved until the constitution of melanin is established, 
but both substances undergo similar changes, for example, with 
hydrosulphite, and are thus shown at least to be similar. Both 
substances are negatively charged. The tyrosinase reaction is 
shown to be composed of two parts, (a) a biochemical, and (b) a 
colloid-chemical reaction. In the former, the a-tyrosinase breaks 
up the tyrosine molecule and in the presence of the inorganic salt 
builds up the red melanin molecule. This is followed by the 
second reaction, in which coagulation changes the finely disperse 
red phase into the coarsely disperse black phase, after which 
precipitation occurs. J. F. S. 
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New Physico-chemical Law. The Law of Variability. 

Joseph Erlich (Atm. Chim. Analyt., 1921, 3, 246 — 250).— a 
theoretical paper in which the variability of a system is discussed. 
It is shown that it is often not simple to fix the variability from 
considerations of the phase rule, this involving as if docs the 
arbitrary quantity, “ number of components.” The present paper 
gives a method of fixing the variability of a system in all cases 
where the concentrations are only susceptible of change in relation 
to one and the same phase, the rest remaining invariable. It i s 
shown that where gases constitute one of the phases of a system, 
the variability is equal to the number of gases, and in systems in 
solution where there is no gaseous phase, the variability is equal to 
the number of substances less one. J. F. S. 

Physico-chemical Study of the Double Decomposition 
(NH.,) 2 B 4 0,+2NaCl 72 Na,B 4 0 7 +2NH 4 Cl. for the Technical 
Preparation of Borax. U. Sborgi and C. Franco ( Gazzctta , 
1021, 51 , ii, 1 — 57). — The authors first discuss the theoretical 
considerations relating to systems containing reciprocal pairs of 
salts in solution and the methods of representing graphically their 
solubilities in water. The system corresponding with the equation 
(NH 4 ) a B 4 0,+2NaCl;ilCa, ! B 4 0 7 |-2NH 4 C1 has been investigated at 
0°, 10"", and 25°, it being found that the pair stable in a temperature 
zone below 25° is the one containing borax ; thet data obtained are 
expressed in accordance with Jiinccke’s formula. The solubility 
diagrams exhibit two invariant points, at constant pressure and 
constant temperature, the solid phase consisting of (I) NaCl + 
\a a B 4 0„ 10H 2 0 +NH 4 C1, or ( II) (NH 4 ) 2 B 4 0 7 ,4H 2 0 +Na 2 B 4 O t , 10H 2 0 
+NH 4 C1; with the first there corresponds a congruent, and with 
the second an incongruent solution, the so-called transformation 
interval lying in the temperature zone considered. 

The yield of borax is calculated for each point of the solubility 
diagram, the highest yields corresponding with that portion of the 
curve joining points (I) and (II) (above) nearest to the latter. 

T. H. T. 

Deduction of the Laws of Chemical Statics from the Theorem 
of Virtual Work, R. Ariano ( Gazzetta , 1921, 51 , ii, 95 — 108). — • 
In this mathematical pa per it is shown to be possible to enunciate, 
as a single principle, the theorem of virtual work, which serves 
as the starting-point for the exact treatment of all problems ol 
equilibrium. The co-ordination of chemical and mechanical statics 
thus produced aids in the deduction, from the comparison between 
various phenomena, of the' general laws governing a large number 
of natural phenomena. Various applications of the principle are 
developed. T. H. P. 

Reaction in the Dark between Chlorine and Trichloro- 
bromomethane. Alexandra von Ranke (Zeilsch. Eleklrockem., 
1921, 27 , 365 - 367.; ef. Noddaek, this vol., ii, 5C8). — The reaction 
between chlorine and trichlorobromomethane has been examined at 
100°. The reacting substances were sealed in bulbs in such a way 
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that the chlorine was entirely dissolved and no gas space left. Other 
experiments were carried out in which the chlorobromomethane 
, va s diluted with 3—255 volumes of carbon tetrachloride. The 
reactions were allowed to proceed until a definite brown tint was 
reached, when the amount of bromine set free was estimated 
speetrophotometrically. The velocity of the bromine separation 
decreases with the dilution. From this it follows that the primary 
reaction is not due to the chlorine atoms. The velocity constant 
for the reaction is given by the equation A' 2 =[Br 2 ]/[ClJ . [CCl 3 Br] . t, 
from which the course of the reaction is regarded as follows : (i) 
CU CCLBr=CCl 4 +Cl+Br, (ii) Cl+CCI 3 Br=CCl 4 +Br, (iii) Br f 
Br=Br 2 . J. F. S. 


The Rate of Hydrolysis of Ethyl Orthoformate. Anton 
Sksabal and Otto Rinoer ( Monatsh ., 1921, 42, 9— 46).— The 
hydrolysis of ethyl orthoformate takes place in accordance with the 
no separable equations: CH(0Et) 3 +H 2 0— >H-CO,Et+2EtOH 
od Il , C0 2 Et+H 2 0 > H-COjH+EtOH. The second reaction is 
he ordinary ester hydrolysis; its already determined velocities in 
m acid and alkaline medium have been measured again, and the 
ralues £,=0'1 92 and k a — 1080 at 25° are confirmed. The first 
•faction is shown to proceed too slowly in alkaline solution to 
permit measurement, so that ethyl orthoformate is not noticeably 
hydrolysed by water alone or under the influence of hydroxyl ions. 
On the other hand, in strongly acid solution it proceeds with ex- 
treme rapidity. The formation of formic acid from the ortho-ester 
in solutions of mineral acids must therefore occur at a rate equal to 
that of the acid hydrolysis of ethyl formate; this is shown to bo the 
case. The rapid reaction can lie measured in the presence of a 
hydrogen buffer solution of primary and secondary phosphate, the 
course of the change being followed by measurement of the ethyl 
formate present after known intervals of time. The latter is only 
very slightly attacked under the experimental conditions adopted. 
It is thus possible to isolate the process of hydrolysis of ortho-ester 
to formic ester and to measure its rate in a medium of constant 
acidity. The results show that it is a reaction of the first order and 
[that a proportionality exists between the velocity and the hydrogen- 
6on concentration. On the basis [H']=l, the velocity constant 
MO, 000, which is unusually high in comparison with other acid 
hydrolysis constants. 

In connexion with his experimental results and the similar 
instigations of Verkade (A., 1914, ii, 250; 1916, ii, 234, 607; 
918, ii, 103), the hydrolysis of the three types, ROR', AOR, AOA' 
nr which R=alkyl, A=aeyl), is discussed and it is shown that 
%1 orthoformate belongs to the ether type. H. W. 


Hydrolysis of Ethyl Oxamate. Anton Skrabal and Grete 
t {Monatsh., 1921, 42, 47 — 62). — The methods used are similar 

“ttose adopted with oxalic esters (A., 1917, ii, 250; 1919, ii, 144). 
j 1 ' hydrolysis in alkaline solution is effected in the presence 
SLX h ““ Phosphate: CO a R-CONH 2 [ Xa 2 HP0 1 +H 2 0= 
t a C0*Ml 2 -f NaII 2 P0 4 -{-R‘0H. The course of the change is 
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Mowed by titration of the unaffected disodium to monosodium 
phosphate by A'/IO-hydrochloric acid in the presence of methyl, 
orange. The velocity constant for [0H.']=1 at 25° is found to be 
48,000 for the methyl and 22,000 for the ethyl ester. The hydrolysis 
is also measured in rV/10-hydroehloric acid solution, and is followed 
by titration with A/lO-ammonia solution in the presence of alizarine; 
for [H‘]=l, the velocity constants are calculated to be 0-0020 and 
0-0013 for the methyl and ethyl esters respectively. 

1st The communication concludes with a long theoretical discussion, 
based on the results obtained by the author with oxalic esters > of 
the influence of change in one group on the reactivity of the second 
group in the case of symmetrical di-esters. It is frequently observed 
that such alterations which do not affect the second group with 
regard to one particular type of action are also without influence in 
all other kinds of action. H. W. 

Catalytic Actions at Solid Surfaces. VI. Surface Area 
and Specific Nature of a Catalyst : Two Independent Factors 
controlling the Resultant Activity. E. Y. Armstrong and 
T. P. Hilditch (Proc. Roy. Soc., 1921, [A], 99, 490 — 495; cf. A., 
1920, ii, 608).— The apparent volume of reduced nickel prepared 
in various circumstances has been determined and compared with 
the catalytic activity of the preparation. It is shown that nickel 
hydroxide reduced on kiesolguhr gives a much larger volume than 
the same substance or the fused oxide reduced in the absence of 
kieselguhr, and that this product is very much more active than the 
nickel produced from the other sources. The rate of reduction of 
nickel oxide is also studied. The time-reduction curves show an 
inflexion point which depends on the physical state of the onde 
and the temperature. The authors consider that the more rapid 
initial reduction represents the production of metallic nickel from 
the surface of the oxide particles, the slower subsequent rate com. 
sponding with the reduction of a denser central core of oxide : such 
partly reduced oxide represents a supported catalyst as in the case 
of reduced nickel on kieselguhr, and its superior activity is to be 
attributed to the same cause as that of the kieselguhr-nickel oxide. 
The relation of the activity of a supported nickel catalyst to its 
reduced metal content has been ascertained in the case of the hydro- 
genation of cotton-seed oil at 180°. The results show that the varia- 
tions in the catalytic power of reduced nickel are to be ascribed to the 
different surface areas of the free nickel exposed, and do not require 
for their interpretation the assumption of the presence of any 
catalyst (such as an oxide other than metallic nickel. J. Y. S. 

The Stability of Atoms. (Sir) Ernest Rutherford {Proc. 
Physical Soc., 1921, 33, 389— 394).— A lecture delivered before the 
Physical Society of London on dune 10, 1921. A. A. L. 

Constitution and Stability of Atom Nuclei. Wiliiam 
D. Harkins {Phil, Mag., 1921, [vij 42. 305— 339).-Seyen ex- 
perimental correlations between the stability and composition of 
atomic nuclei arc summarised. Three methods of classifying 
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isotopes are : (1) into four classes according as the number of 
flections and protons in the nucleus is odd or even ; (2) into isotopic 
junibers, varying from — 1 for hydrogen and the lower isotope of 
helium, 0 for the most abundant atomic species, up to 54 for 
uranium; (3) according to series relationships. The problem of 
nuclear stability in relation to the above is discussed. There is a 
marked periodicity in the variation of abundance, atomic stability, 
and a number of functions which express the composition of atomic 
nuclei. The most important relations which can bo utilised in the 
prediction of isotopes are that the ratio of electrons to protons in 
the nucleus is never less than 0-5 for stable atoms, and the number 
of isotopes is in general considerably greater for elements of even 
than for elements of odd atomic number. J. R. P. 

Atomic Dimensions. Mariano Pierucci ( Nuovo Cim., 1921, 
r T i], 22, 189 — 198). — The author considers the question whether 
the numbers calculated by Bragg (A., 1920, ii, 538) as the true 
radii of the atoms are multiples of one and the same length, which 
ho terms the “ elementary length ” (A., 1920, ii, 300). Division of 
the atomic volume by the Avogadro number gives what may be 
termed briefly the “ volume of the atom.” and from this, together 
with the assumption that the atom is spherical and that at the 
absolute zero the packing is as close as possible, the value of the 
“ elementary length ” is calculated to lie between 0-030 and 0-039 A. 
The available data are insufficient to decide the above question, but 
from the table given by Bragg (loc. tit.) it is evident that the calcu- 
lated atomic radii group themselves round the atomic radii of the 
inert gases, and that the atomic radii for neon, argon, krypton, and 
xenon are related almost exactly as the numbers, 4A : 6A : 7A : 8A, 
4 having the value 0-34 A. ; the latter is almost exactly nine times 
the “ elementary length.” 

for the four inert gases for which Bragg has calculated the atomic 
diameter, n A {loc. til.), the latter (iu A.) is related to the absolute 
melting point, ry, in accordance with the simple expression, 
r,-l§n A ~- 81. Bragg docs not give the value of the atomic 
diameter of helium, but taking its absolute melting point as 0—2° 
Abs, the expression just given leads to the value 1-025 — 1-05 A. 
for such atomic diameter. Since 3A=1-01 A., the conclusion 
seems justified that the atomic radii of helium, neon, argon, krypton, 
and xenon are related as 3 : 4 : 0 : 7 :-8. T, H. P. 

The Elements regarded as Compounds of the First Order. 

S. H. C. Briggs (Phil. Mag., 1921, [vi], 42, 448— 456).— If the 
dements are regarded as compounds of the atomic kernels (that is, 
the residues when all the electrons in the outer shell are removed) 
and electrons, their reactions with each other arc precisely analogous 
to the reactions between binary compounds ; for example, (a) 
K'E-fM^KtfCPEp] (where E=electron) and (b) 2KCl+PtCl 4 = 
KfftCy. There is no essential difference between the forces 
holding together atoms in a compound and those holding the kernels 
ar.d electrons in an atom. There arc only two elements, prolon 
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and electron. The atomic kernels are compound radicles of proton 
and electron, some of which combine with electron to give strongly 
polar substances like alkali metals and others non-polar substances 
such as neon (cf. NH 4 +C1=NH 4 C1 and C 6 H 5 -fCI=C 6 H 5 Cl). The 
chemical elements arc true compounds of the first order, Werner's 
“ compounds of the first order ” are really of the second order, and 
substances such as potassium platiniehloride of the third order 
Co-ordination is involved in all valency phenomena. J. R. p 

Encounters between Non-spherical Gaseous Molecules. 

A. 0. Rankdie ( Proc . Physical Soc., 1921, 33, 362 — 376).— An 
extension of the author’s previous work (this vol., ii, 489) on mole, 
cular dimensions and structure derived from the combined data of 
the kinetic theory of gases and of X-ray crystal measurements. 
In the present paper, non-spherical molecules built up of atoms of 
unequal sizes are considered; the paper considers all cases of 
diatomic molecules and special cases of polyatomic molecules. 

J. F. S. 


Valency Theory of G. Lewis and the Asymmetry of the 
Water Molecule. Eustace J, Cuy ( Zeitsch . Ehktrochm., 1921 , 
27, 371— 373).— A theoretical paper in which, on the basis of the 
views put forward by Lewis (A., 1916, ii, 310) in connexion with 
the statical atom, the author has developed formula! for the mole- 
cules of water, hydrogen sulphide, and ammonia. It is shown that 
in water the linking angle is approximately the same as that between 
carbon bonds. The distance between the oxygen nucleus and the 
hydrogen nuclei is the same in both cases, but is different from that 
between the two hydrogen nuclei. The well-defined dipolar 
character of water is expressed by the above, for two hydrogen 
atoms lie in one half of the tetrahedron and two electron pairs in 
the other half. The asymmetric nature of the water molecule is 
confirmed by the molecular heat, QU/2, whereas a symmetrical 
structure would demand f>/?/2. An asymmetric structure favours 
association more than a symmetrical structure. The cases of 
ammonia and hydrogen sulphide can be considered in the same way, 

J. F. S, 


Inorganic Chemistry. 


Reversible Reactions of Hydrogen and Carbon Monoxide 
on the Metallic Oxides. Geoeces Chaudron (Ann. chim., 1921, 
[ix], 16, 221 — 281).- A more detailed account of work already 
published (cf. A., 1914, ii, 721; 1920, ii, 182, 379; this vol., ii, 
178). W. G. 

Iodine Monochloride. E. Fourneau and E. Donard (Bvll. 
Sci. Pharmacol, 1920, 27, 561— 566).— The addition of sodium 
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chloride stabilises solutions of iodine monochloride to the same 
degree as does hydrogen chloride; it does not inhibit the first 
phase of iodine trichloride decomposition which yields iodine 
monochloride. A method for the estimation of iodine monochloride, 
based on the facts that, unlike free iodine, the monochloride is 
scarcely soluble in chloroform, whereas it is very soluble in ethyl 
ether, and that it liberates iodine from potassium iodide, yields 
results of moderate accuracy. Chemical Abstracts. 

Density, Refractivity Relationship and Dispersion of 
Gaseous Nitrogen at its Boiling Point. Erich Gf.rold (Aim. 
Phjsik, 1921> [iv], 65, 82 — 96). — The density of gaseous nitrogen 
at the boiling point has been determined by the displacement 
method. .Six determinations are recorded at temperatures 77-68 — 
77-77° Abs., and from the mean the value rf j ,=0-0044973±17x 10~ 7 
at 741-10 mm. and 77-75“ Abs., is calculated. The refractive index 
of gaseous and liquid nitrogen at the boiling point has also been 
determined. In the case of the gas, the following values have been 
obtained at 752-32 mm. and 77-97“ Abs.; A^-643-fi, re=l-0010779, 
X-546-1, n= 1-0010847, A=435-8, n— 1-0011007, whilst the liquid 
at 745-12 mm. and 77-12° Abs. gave the values A=656-3, n=l-19844 ; 
A— 579-1, n= 1-19876, A— 546-1, n=l-19918, A=435-8, »=1-20142; 
A=404-7, n=l'20258. Wiener has replaced the figure 2 of the 
Lorenz-Lorentz formula by the symbol w, which he terms the form 
number. The value of u is exactly 2 for substances the molecules 
of which are exactly spherical, but is greater than 2 if the form 
diverges from the spherical. In the present ease, the value of u 
has been calculated from the formula (« 7 , 2 — l)/(i»i 2 +u)/di= 
(»/— 1 )Hn g l +u)-d f , in which d L and d s are the densities of the liquid 
and gas at the boiling point and n L and n, the respective refractive 
indices, and the moan value u— 2-16.-f.0-04 obtained, This value 
indicates that the nitrogen molecule behaves as though it were 
nearly spherical, but since for red light n=2-04, it behaves as 
though more nearly spherical than hi the case of violet light, where 
i<=2-26. Consequently it follows that the electron which is active in 
the absorption of light of short wave-length has a greater orbit than 
that operative in the absorption of light of longer wave-length. 

J. F. S. 

The Attack of Metals by Sulphuric -Nitric Acid Mixtures- 

Paul Pascal [with Garnier and Labourrasse] [Bull, Soc. c him., 
1921, [iv], 29, 701 — 709).— An examination of the action of mixtures 
of sulphuric and nitric acids varying in proportion and concen- 
tration on aluminium, steel, and lead, the results being expressed 
as loss in weight of the metal in grams per square metre in twenty- 
four hours, a large excess of the acid being used, and the tem- 
perature being maintained at 16 — 18° for the aluminium and steel 
and 19—21° for the lead. The addition of sulphuric acid to nitric 
acid facilitates the attack of aluminium. With nitric acid alone, 
the presence of ammonium nitrate slightly increases the attack of 
the metal. For all the varying proportions of sulphuric and nitric 
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acids, there is a concentration corresponding with between 10 and 
20% of water at which the resistance of steel is a maximum. 

W. G. 

Fusion of Carbon. Siecmar Munch ( Zeitsch . Mektrockem., 
1921, 27, 367 — 368). — On strongly heating graphite rods by means 
of a powerful electric current, they are shown to soften and become 
plastic and eventually to melt. A graphite rod 50 mm. 2 in cross 
section and 5 cm. long, when subjected to a current of 800 amperes 
at 25 volts, melts and may be welded to a large graphite block 
which serves as a carrier for the current used. The plastic graphite 
may be bent or compressed so that its diameter is doubled. An 
apparatus is described by means of which large quantities of 
graphite may be melted. The cooled molten graphite has a 
metallic lustre. The literature dealing with previous attempts to 
melt carbon is considered. (See following abstract.) J. F. S. 

[Fusion of Carbon], Ecges Rysciikewitscji ( Zeitsch . Eldc- 
trochem., 1921, 27, 368 — 369; cf. preceding abstract). — A criticism 
of statements made by Munch in connexion with the author's 
experiments on the fusion of carbon. It is pointed out that the 
large current (800 amperes) found necessary by Munch to fuse carbon 
was probably due to the experiment being carried out in the open 
air, where the cooling was very great. This also accounts for the 
very few drops of molten carbon obtained, since graphite burns in 
air at 900°. J. F. S. 

The Action of Alkaline Hydrogen Peroxide on Silver 
[Nitrate] Solution and the Behaviour of Silver towards 
Dilute Sulphuric Acid. K. Salkowski (■/. pr. Chem., 1921, 102, 
194 — 208), — When silver nitrate solution is added gradually to a 
dilute solution of hydrogen peroxide containing a little potassium 
or sodium hydroxide, a black precipitate is formed initially which 
becomes greyer as more of the silver nitrate solution is added, 
and ultimately resembles elementary silver. Analysis, however, 
shows it to be a mixture of silver and silver oxide in which the 
proportion of the former increases with increasing quantities of 
hydrogen peroxide in the solution. Silver peroxide is not present. 
Analysis is effected by treating the product with boiling dilute 
sulphuric acid (100 grams of acid made up to a litre with water), 
which almost completely dissolves the oxide, but only attacks 
metallic silver to a very slight extent. (The reason of this slight 
solvent action could not be elucidated; it does not appear to 
depend on the presence of atmospheric oxygen, nor does sulphur 
dioxide seem to he liberated during the process.) The black 
colour of the precipitate is therefore due to the presence of a black 
modification of silver which can be prepared in a very stable 
condition by adding a solution of silver nitrate (3%, 10 c.c.) to a 
solution of dextrose (10%, 20 c.c.) and sodium hydroxide ( d H6, 
5 c.c.). 

Silver peroxide may he detected in the following manner. A 
small portion of the substance is heated to boiling for a short time 
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lv |j]i a n aqueous solution of an aliphatic amino-acid, preferably 
trlyeine or alanine, which must not be used in too small quantity, 
pjie formation of a silver mirror indicates the presence of silver 
peroxide, whereas silver oxide does not show this reaction. Also, 
(fheu silver peroxide is covered with nitric acid {d 1-2) a dark 
solution is produced which becomes lighter and finally 
colourless when heated, but retains its colour for days at the 
laboratory temperature. The second test appears to he somewhat 
nW re sensitive than the first. H. W. 

Decomposition of Ammonium Carbonate with Calcium 
Sulphate. Bernhard Neumann [with Walter Gellendien] 
\2eilsch. angew. Chem., 1021, 34, 441- 442, 445 — 447). — The author 
has investigated theoretically the reaction between ammonium 
carbonate and calcium sulphate. The latter substance forms 
two hydrates and exists in three anhydrous forms. Although 
there is uncertainty as to absolute solubilities, it is known that 
the dihydrate, gypsum, has a maximum solubility at about 38° and 
'hat the most soluble form is the semihydrate, for which the figure 
lay reach 1%. The dihydrate has a negative heat of solution, the 
ther forms have positive heats. 

It is calculated that the yield of ammonium sulphate with 
doA-armnonium carbonate solution should be OD'97%, the value 
ising slightly with increasing concentration. The yield at any 
•mperature is calculated from the equation 
h^KJK^‘2-303 log KJK t -= 

;here Q is the heat of solution of calcium sulphate, that of the 
arbonate being negligible. It is shown that the influence of 
mperature on the reaction equilibrium is slight. 

Experiments showed that in all eases conversion was almost 
omplete in an hour, but complete equilibrium was only reached in 
rom fifteen to twenty hours. The maximum yields obtained were : 
or the dihydrate 85%, for the semihydrate and gypsum heated at 
00—300° 92%, and for anhydrite 90%. In all cases the yields 
icrcased slightly with the concentration of the ammonium carbonate 
olution. The yield with the dihydrate increased with the tem- 
icrature up to 38°, and then remained constant. Owing to the 
lecomposition of ammonium carbonate at 58°, heating beyond 
his point is useless. Change of temperature had no appreciable 
effect on the reaction with ignited gypsum. The discrepancy 
between these results and fhe theoretical yields of more than 
09% was explained by determining the solubility curve of calcium 
sulphate in ammonium sulphate solutions of different strengths; 
the existence of a double salt, (NH 4 ) 2 S0 4 ,CaS0 4 ,H 2 0, was indicated. 
The suggestion that the reaction might be further complicated by 
a u appreciable solubility of calcium carbonate in ammonium 
carbonate solution was investigated and disproved. C. I. 

Decomposition of Calcium Sulphate by Ammonium 
Hydroxide. Bernhard Neumann [with Gertrud Kotyga] 
i’akh. angew. Chem., 1921, 34, 457 — 459). — Equilibrium con- 
d *°nsin the reaction 2NH 4 -OH +CaS0 4 £ (NH 4 ) 2 S0 4 +Ca(0H) 2 
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were investigated. If Lrn 4 a and 2 £t»j( 5 are the concentrations of 
the ions [S0 4 ] and [OH], the ratio of the molecular solubilities 
of the products [Ca]-[S0 4 ] and [Ca]-[OH] 2 is 
which ratio, k, is found to be 3821 at 18°. If x and y 
the molecular ionic concentrations and a is the normality of the 
ammonia solution x/y 2 —k and 2 x~\-y=a, k being known, y ; s 
determined in terms of a and the yield for any concentration of 
ammonia thus obtained. It varies from 6-6% with Sj 100-am- 
monium hydroxide to 88% with 10A r -solution. The variation 
with temperature may also he calculated ; up to 37° the yield falls. 
The reaction was experimentally investigated by shaking two 
flasks, one containing gypsum and water and the other gypsum 
and ammonium hydroxide solution, and estimating the sulphate 
in solution in each from time to time. For A/lO-ammonium 
hydroxide, the yield was 33%, in agreement with the calculation, 
but with increasing concentration it fell rapidly instead of rising 
with jV-solution being only 3%. The reaction is thus useless for 
practical purposes. The reverse reaction, (NH 4 ). 2 S0 4 +Ca(0H) 2 = 
(NH 4 )0H+CaS0 4 , gave a 96% decomposition with 5rV -ammonium 
sulphate solution, falling to 53% with A /4-solution. The latter 
is again in agreement with calculation; the figures for stronger 
solutions are in excess of those to he expected. All these diver- 
gencies occurring in all solutions except the weakest, are due to 
the varying solubilities of calcium sulphate in ammonium sulphate 
solutions caused by the formation of the double salt. C. I. 

The System Potassium Sulphate-Glucinum Sulphate 
.Water at 25°. Hubert Thomas Stanley Britton and Arthik 
John Allmand (T., 1921, 119, 1463—1470). 

Phosphorescent Zinc Sulphide. Rudolf Tomasciiek (Ann. 
Fhysilc, 1921, [iv], 65, 189 — 215). — A method is described whereby 
phosphorescent zinc sulphide may be prepared so that a product 
of uniform and reproducible properties for the examination of the 
phosphorescence of this substance is now for the first time obtained. 
Using this method, zinc sulphide containing respectively manganese 
and copper as phosphorogens has been prepared, and the properties 
and the phosphorescence bands of these substances have been 
examined. The bands have been compared with those previously 
obtained with ill-defined material. Tile phosphorescence phen- 
omena of zinc sulphide containing respectively bismuth, lead, 
silver, uranium, nickel, a"d cobalt have been examined, and a 
number of new phosphorescence bands found and measured. The 
whole of the bauds are considered and the series nature pointed out. 

J. F. S. 

Corrosion of certain Complex Brasses in Sea-water. I. 

L. Belladen (Gazzetta, 1921, 51, ii, 144— 159).— Of three samples 
of delta metal examined, that showing the greatest resistance to 
the corrosive action of sea-water contains the highest proportions 
of lead, manganese, and iron, as well as a small percentage ot 



INORGANIC CHEMISTRY. 


ii, 589 


nickel, which is lacking in the other two. [Cf. J. Soc. Chem. Ini., 
1921, 701a.] T. H. P. 

The Theory of Smelting. XIX. Equilibria between Pairs of 
Metals and Sulphur. The System, Copper-Antimony-Sul- 
phur. W. Gcertler and Karl Leo Meissner ( Metal u. Erz, 1921 , 
18, 410 — 415). — It is shown that sulphur cannot exist in equilibrium 
with copper antimonide and that a reaction occurs with the forma- 
tion of cuprous sulphide. 2Cu 3 Sb +S =2Cu 2 Sb +Cu 2 S ; Cu 2 Sb+S= 
Cii 2 S-)-Sb. Cuprous sulphide melted with either antimony or the 
aritimonidcs yields stable mixtures, but no ternary compounds are 
formed. Copper and antimony trisulphides react according to the 
equations: 12Cu-fSb 2 S 3 — SCUgS-j-SCugSb; 10Cu+Sb 2 S 3 =3Cu 2 S-]- 
2 Cu 2 Sb ; 6Cu -|-Sb 2 S 3 =3Cu 2 .S +2Sb. The rectangle Cu— Sb— Sb 2 S 3 — 
ChijS is subdivided into six triangles by the five quasi-binary inter- 
sections, Cu 2 S— CujSb ; Cu 2 S— Cu a Sb; Cu 2 S— Sb; Cu 3 SbS 3 — Sb; and 
CuSbS 2 -Sb. Two independent mixture gaps occur in the system, 
which arc probably dependent on similar gaps in the binary systems 
Ca-Cu 2 S and Sb— Sb 2 S 3 . J. p. S. 

Electrolysis of Cerium Salts in Aqueous Solutions. A. B. 

SciiiOtz (Tidskrift Kern., 1920, 17, 213—215, 228— 232).— The 
double chlorides of cerium and iron were electrolysed in an aqueous 
solution in presence of lactic acid, the rotating, dome-shaped, 
lead-plated platinum cathode being inverted over the anode 
chamber; the latter consisted of a glass tube with a helical row of 
openings, tho platinum wire anode being wound round the tube 
through which the anode liquid was drained. The product con- 
sisted of a cerium-iron alloy containing 59-4 to 67% of cerium, 
and was probably free from oxides. Chemical Abstracts. 

Aluminium. E. Rattexbury Hodges (Chem. A ’em, 1921, 
123, 141).— Aluminium foil is unattached by boiling strong acetic 
acid even after eighteen days in the absence of air ; on exposure 
to the air for a week, traces of aluminium were found to have 
dissolved. If, however, a few drops of hydrogen peroxide are 
a ided to strong acetic acid in which a strip of the metal is immersed, 
the whole dissolves at 15“ within thirty hours. Slightly warmed 
aluminium foil reacts with bromine with brilliant incandescence, 
the mixture evolving a heavy grey vapour of anhydrous bromide 
and leaving a brown, granular residue which soon deliquesces to 
a liquid from which colourless tabular crystals may be obtained 
on evaporation. Whilst citric and tartaric acids have no effect 
oil the metal, oxalic acid dissolves it very slowly in the cold but 
noie readily on heating, the solution, on evaporation, yielding 
m oily-looking colloidal film which deliquesces in moist air. Strong 
phosphoric acid readily dissolves aluminium foil, whereas it has no 
lotion on tin foil ; this difference serves to distinguish between the 
two elements. R. P. 

Equilibrium Diagram of the System, Silicon-Iron. 

Murakami (Set. Ttep. Tohoku Imp. llnin., 1921, 10, 
4-).— Silicon-iron alloys containing up to 32-7% of silicon 
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have been prepared and subjected to magnetic, thermal, and micro, 
analysis and the equilibrium diagram has been constructed. It jg 
shown that there are two compounds, Fe 3 Si 2 and FeSi, in the 
system. The former is magnetic with its critical point at 90 ° 
whilst the latter is non-magnetie. An alloy corresponding with 
the formula Fe 2 Si (20% Si) is neither a compound nor a saturated 
solid solution, as stated by Tammann and Guertler (A., 1906, jj 
32). The compound Fe 3 Si 2 dissolves in iron up to 16% of silicon 
at ordinary temperatures. The critical point of its solid solution 
in iron gradually decreases from 790° to 450°, as the silicon content 
increases from 0 to 16%. As the temperature rises, the solubility 
increases to 23% of silicon at 1020°. By heating to a temperature 
above 1100°, the compound Fe 3 Si 2 dissociates into iron and FeSi, 
and in alloys containing more than 23% of silicon, FeSi separates 
primarily on cooling the melt, and at 1020° Fe 3 Si 2 is formed. 
Photomicrographs of sections of a large number of alloys are 
appended to the paper. J- F. S. 


Mineralogical Chemistry. 


The Structure of Humic Acids and Coals. J. Marcussox 
( Zeitsch , angew. Chem., 1921, 34, 437 — 438). — The author criticises 
the assumption of Fischer and ScliTader (this vol., ii, 210) that 
natural humic acids are phenolic in character and contain no furan 
ring, basing their conclusions on the effects of oxidation under 
pressure. Lignin, natural humic acids, lignite, and coal yield 
benzenecarboxylic acids, whilst cellulose and artificial humic acids 
from carbohydrates yield furancarboxylic acids. Chardet (ifeo.jen. 
Chitn , pvre 17, 214) has shown, however, that the dry dis- 
tillation of natural humic acids yields both furan and furfuraldehyde 
in addition to phenolic compounds. Fischer and Schrader have 
recently ( Brennsloff-Chetn ., 1921, 2, 210) obtained furancarboxylic 
acids as well as benzenecarboxylic acids by the oxidation under 
pressure of artificial humic acids obtained by treating sugar with 
strong hydrochloric acid If humic acids contain a pen -dif uran ring 
(this vol., i, 313), this, oA decomposition, would yield derivatives of 
either benzene or furan, according to the experimental conditions. 
Succindialdeliyde is considered to be an intermediate product in 
the formation of humic acid from furan. An aldehyde acid 
(Humalsiiure), closely related to humic acid, has been recently 
found in peat, but it is not found in lignite. The pm-difuran 
nucleus exists in coal and lignite, the presence of the bridged 
oxygen being proved, as with humic acid, by the behaviour wit 
fuming sulphuric acid or with nitric acid, and the formation o 
double salts with iron chloride and with mercury bromide, if® 



ANALYTICAL CHEMISTRY. 


ii. 591 


author concludes that both cellulose and lignin have taken part 
jn the formation of coal. W. P. 


Analytical Chemistry. 


Micro-analysis of Gases by the Use of the Pirani Pressure 
Gauge. Research Staff of the General Electric Co., Ltd. 
(h T , R. Campbell) ( Proc . Physical Soc., 1921, 33, 287 — 296). — A 
method of analysis of small quantities of gases is described. The 
method consists in determining the condensation temperature of 
each gas consecutively. The gas contained in a side tube of a 
Pirani gauge is cooled to a temperature sufficient to liquefy the 
whole mixture, or, if some non-condensible gas is present, until 
the whole liquefiable portion has been liquefied. The temperature 
is then slowly raised and pressure-temperature readings are taken. 
A curve is produced which consists of a number of horizontal lines 
of constant pressure joined by a number of vertical, or nearly 
vertical, lines of constant temperature. The vertical temperature 
lines give the condensation temperatures of the individual con- 
stituents, The length of the ordinates serves as a relative measure 
of the quantity of each constitutcnt. The total pressure admissible 
in the determination is 0-2 mm. and measurements may be made 
down to O'OOl mm. As cooling bath, the authors recommend 
freezing mercury (—39°), freezing chloroform (—65°), freezing 
acetone (—95°), freezing ethyl alcohol ( — 117°), and liquid air 
(-183°). In actual practice no thermometer is used, but the 
condensation temperatures ofthe mixture are compared with the 
condensation temperatures of’ the individual gases. To do this a 
number of gauges are made each containing one pure gas, and 
these are observed alongside the gauge containing the mixture. 
The method is very accurate and capable of wide application. 

■ J. V. S. 

Losses in Chlorine in the Estimation of Chlorine in Organic 
Compounds by Incineration and their Prevention. A. 

Weitzel ( Arl . Rehhs-Gesimdh.-Amt, 1920, 52, G35 — 649; from 
Chm. Zenlr., 1921, iv, 228). — The ordinary methods for the estima- 
tion of chlorine in organic compounds by incineration are examined. 
The most suitable is the author's wet method (A., 1917, ii, 501). 
By observing certain precautions, however, chlorine can be estimated 
in the ash of organic compounds. Accurate results may be obtained 
if the substance is mixed with lime and water to form a cream, 
which is then dried and incinerated; or lire substance may be 
incinerated after mixing with sodium carbonate and potassium 
nitrate. G. W. R-. 

i The Estimation of Bromine in Salt Waters. P. Lebeau 
jand M. p lc0N (M Soc chivi., 1921, [iv], 29, 739— 743).— A 
preliminary approximate estimation is made by titrating 1 c.c. of 
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the water with chlorine water containing 0-5 gram of chlorine p e , 
litre until decoloration just commences. The volume required 
represents approximately double the amount of chlorine required 
to displace all the bromine present as bromide. 

A volume of water containing about 0-1 gram of bromide is 
placed in a separating funnel, 5 c.c. of 10% hydrochloric acid are 
added, and the calculated .quantity of chlorine water containing 
5 grams of chlorine per litre is run in. The liberated bromine is 
extracted with 15 c.c. of chloroform, and the chloroform extract 
is run into 10 c.c. of 10% potassium iodide solution in a stoppered 
bottle. The liquid in the separating funnel is again extracted 
with chloroform after the addition of 0-3 — 0*5 c.c. of chlorine water. 
This is repeated until the chloroform is colourless. The iodine 
liberated by the addition of the chloroform extracts to the potassium 
iodide is titrated with A/10-sodium thiosulphate. To obtain 
satisfactory results by this method the use of excess of chlorine 
water must be avoided, and the volume of water containing 0-1 
gram of bromine as bromide should not exceed 25 c.c., a preliminary 
evaporation being conducted if necessary. W. 6. 

Volumetric Estimation of Sulphurous Acid in Organic 
Substances by Distillation. Victor Froboese (Arb. Reich. 
Gesundh.-Amt, 1920, 52, 657—669; from Churn. Zentr., 1921, iv, 
225). — The method proposed is a modification of that of Haase 
(A., 1882, 773). The sulphur dioxide obtained by distillation is 
collected in a standard solution of sodium hydrogen carbonate in 
the presence of hydrogen peroxide, whereby the sulphite is oxidised to 
sulphate. The excess of sodium hydrogen carbonate is titrated with 
hydrochloric add, using methyl-orange as indicator. The sulphate 
formed may be estimated gravimetrically by precipitation with 
barium chloride as a control. The water used for the dilution of the 
liquid from which the sulphur dioxide is distilled must be free from 
oxygen. A long reflux condenser is desirable in order to prevent 
volatile organic adds from passing over. The method is applicable 
to the estimation of sulphites in cellulose-sulphite liquors, wine, 
dried fruit, and gelatin. G. W. R, 

Volumetric Method for the Estimation of Acids and Bases 
which yield Insoluble Salts. G. Bkuhns ( Zeilsch . anal. Chem., 
1921, 60, 224— 229).— A method described previously by Bucherer 
(A., 1920, ii, 702) yielded trustworthy results in the estimation 
of sulphates in crude sugc-s, molasses, etc.; the separation of the 
precipitated barium sulphate is facilitated by the addition of a 
small quantity of aluminium hydroxide, which, when kept for two 
days, becomes particularly insoluble in acid solutions. W. P. S. 

Modification of the Dumas Method, and Application of the 
Kjeldahl Method to the Estimation of Nitrogen in Nitro- 
naphthalenes. Paul H. M.-P. Briston, F. N. Schertz, W. G. 
Crockett, and P. P. Merkel (J. Ind. Eng. Chem., 1921, 13, 636— 
639). — In the modified Dumas method described, the carbon 
dioxide used is generated from dilute sulphuric acid and sodium 
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jarbonate solution which arc admitted, to a large container filled 
originally with water; the gas is passed through two measuring 
oottles, one of which is filled with water, and the discharge of this 
torn one bottle to the other, alternately, indicates the volume of 
;arbon dioxide passing. The gas is then conducted, by a suitable 
irrarigement of tubes and three-way taps, to the combustion tube, 
where the substance is burnt with copper oxide. The nitrogen is 
collected over sodium hydroxide solution, three nitrometers being 
used in connexion with each other; the combustion gases pass 
upwards through the first nitrometer, causing a circulation of 
sodium hydroxide solution from this to the others, and the liquid 
collecting in the levelling bulbs is returned to that of the first 
nitrometer as required. One of the nitrometers is provided with a 
water-jacket, and serves as the measuring vessel for the nitrogen. 

To estimate nitrogen in nitronaphthalenes by the Kjeldahl 
method, about 0-5 gram of the substance is heated with 30 c.c. of 
sulphuric acid and 2 grams of salicylic acid for two hours on a 
water-bath, the mixture is then cooled, 2 grams of zinc dust are 
added, and after about eighteen hours the mixture is heated, first 
at 70°, and afterwards over a small burner, until all visible action 
ceases. One gram of mercuric oxide is next added, the mixture 
boiled for one hour, cooled, 7-5 grams of potassium sulphate are 
added, and the boiling is continued for a further period of one hour. 
The ammonia is then estimated by distillation in the usual way. 
The results obtained are lower than those found by the Dumas 
method, the difference increasing with (he nitrogen content. For 
instance, 13-74% of nitrogen found by the Kjeldahl method corre- 
sponds with 14-33% by the Dumas method, and 15-48% with 
16-85%. W. P. S. 

Micro-estimation of Nitrogen and its Biological Applica- 
tions. M. Polonovski and C. Vallee (/. Pharm. Chirn., 1921, 
[vii], 24, 129 — 134). — To estimate the total nitrogen, a portion of 
the substance containing from 1 to 2 mg. of nitrogen is heated for 
fifteen minutes in a test-tube with 1 c.c. of sulphuric acid and 1 
gram of potassium sulphate. The mixture is then diluted with 
() c.c. of water, and the tube is connected with a small absorption 
vessel containing A T / 50 -suIphuric acid ; a current of air, heated previ- 
f>y passing it through warm water containing a small quantity 
i sufphuric acid, is aspirated through the whole apparatus. After 
wenty minutes, the absorption apparatus is disconnected and the 
Mess of sulphuric acid is titrated. Another portion of 3 c.c. of 
he original solution is then treated with 2 drops of acetic acid and 
| s ®j61 quantity of sodium chloride, the mixture is heated at 90°, 
Med, submitted to centrifugal action, and the nitrogen deter- 
mined in an aliquot portion of the clear liquid; the difference 
between the two estimations gives the amount of nitrogen present 
is coagulable albumin. W. P. S. 

Removal of Protein from Body Fluids for the Purpose 
^idtaneous Estimation of Many Constituents. Genko 
P 1 { Biochem . J 1921, 15, 516 — 520). — For the estimation of 
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non-protein nitrogen in serum, etc., the author boils the substance 
with sodium acetate and acetic acid, and removes the last traces of 
protein with talcum. The results arc usually very slightly higher 
than those of the Folin-Denis method (A., 1912, ii, 703). G. B. 


Es tima tion of Sodium Nitrite. F. Muhlert (Zeitsch. angem. 
Chem., 1921, 34, 448).— In the estimation of nitrites by the 
diazotisation method, o-aminobenzoie acid may be advantageously 
substituted for sulphanilic acid. The end point is sharp, the 
diazo-compound stable, and the reagent can be easily obtained in 
a pure state. h 

Source of Error in the Estimation of Nitrate-Nitrogen by 
Ulsch's Method. F. Mach and F. Sindlihger (Zeitsch. anal. 
Chem 1921, 60, 235 — 238).— Traces of sulphide in the reduced 
iron used for the reduction of nitrates according to Ulsch’s method 
cause the results obtained to be much too low. For instance, a 
potassium nitrate solution containing 13-86% of nitrogen yielded 
only 12-90% when the reduction was carried out with iron contain- 
ing 0-03% of sulphur as sulphide. Each new quantity of reduced 
iron should, therefore, be tested against a pure nitrate More it is 
used for actual estimations. " • P. S, 


Estimation of Phosphorus in Iron, Steel, Ores, and Slags. 

II Render (Zeitsch. anal. Chem., 1921, 60, 241— 257).— A report 
of a critical examination of the molybdate method for the estimation 
of phosphorus, with particular reference to the influence of other 
elements. In the estimation of phosphoric acid in slags, the 
magnesium pyrophosphate method yielded results which were 
slightly higher (0-1 to 0-3%) than those yielded by the molybdate 
method. W ' * ' 


Double Arsenic Tubes. Georg Lockemakn (Zeitsch. an gm. 
Chem 1921, 34, 396).— To economise in glass tubing, a piece of 
hard glass tubing is drawn out so that three portions of the original 
diameter of the tube are connected by capillaries, the whole being 
in one piece; the tube is used in conjunction with the ordinary 
Marsh apparatus. The first arsenic mirror is obtained in the tost 
capillary for the next estimation, the second wide portion and 
capillary ’are used, and the tube is then reversed and used ma similar 
manner for two further estimations. " • ®- 


Micro-estimation of Carbon Monoxide in Blood. Maurice 
Nicloux (Bull. Soc. Chim. Biol., 1921, 3, 286— 296).— -A micro- 
modification of the author’s method (A., 1921, i, 204) for the estima- 
tion of carbon monoxide in blood is described ; 2 to 5 c.c. of blood 
arc used for an estimation, and it is claimed that the method 
simple and accurate to within 2%. Notes arc given on the app , ca- 
tion of the method to the estimation of the capacity of the blood 
for absorbing carbon monoxide, and of the amount of the latter 
present in blood in cases of poisoning. u n - 
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Estimation of Metals in Alloys of Known Qualitative Com- 
position. K. Schmidt ( Chem . Zeit., 1921, 45, 825 — 826). — From a 
knowledge of the atomic weights and specific gravities of the con- 
stituent metals of a binary or ternary alloy, together with the 
weight and volume of the alloy under examination, it is possible to 
calculate the percentage composition. The author has obtained 
formulae for binary and ternary alloys involving in the first case the 
use of four constants based on the atomic weights and specific 
gravities of the constituent elements am! these have been calculated 
for all the more important commercial binary alloys. [Cf. J. Soc. 
Chem. Ind., 1921, Oet.] A. R. P. 

Estimation of Alkali Hydroxide and Carbonate in presence 
of Cyanide and Ferrocyanide. F. Muhlert (Zeilsch. angew. 
Chem., 1921, 34, 447). — A method for the estimation of alkali in 
potassium or sodium cyanide consists in titrating the cyanide with 
silver solution, removing the turbidity formed at the end point 
with a drop of cyanide solution, and then titrating with normal 
acid until the turbidity reappears. The method is accurate if 
most of the alkali is present as hydroxide. In presence of other 
weak acids, for example, formic acid, this method cannot he used, 
neither does Clenell’s method give good results. The best pro- 
cedure is as follows. The cyanide is first titrated with silver 
solution, and the same quantity of solution added to another sample. 
The resulting solution after filtration can now be used for whatever 
alkalimetrical estimations are desired. If great accuracy is not 
required, the solution need not be filtered. If ferrocyanide is 
■jresent, the solution may be titrated directly with normal acid and 
nethyl-orange. The cyanide having been previously estimated, 
the alkali is obtained by difference. C. I. 

Rapid Estimation of Silver in Alloys by a Modified Silver 
Chloride Method. Saueiiland (Chem. Zeit., 1921, 45, 735 — 
736).— About 0-5 gram of the alloy is treated with 10 c.c. of nitric 
acid, d 14, a small quantity of water is added, the mixture boiled, 
diluted to 80 c.c., again boiled, and, after five minutes, the insoluble 
matter (gold, tin, antimony) is collected on a filter and washed. A 
slight excess of hydrochloric acid is added, drop by drop, to the 
filtrate, the latter is then boiled, and the silver chloride is collected 
on a filter. The moist filter is then supported on 'the mouth of a 
small crucible, the upper part of the paper is wrapped round the end 
of a porcelain tube connected with a supply of coal gas, and the 
crucible is heated by a burner ; the filter-paper chars, and after a 
time falls into the crucible, the silver chloride meanwhile being 
reduced by the coal-gas introduced through the porcelain tube. 
The reduction is completed by the incineration of the charred paper, 
and the resulting metallic silver is weighed. W. P. S. 

Simple Technique for the Estimation of Calcium and 
Magnesium in Small Amounts of Serum. Benjamin Kramer 
end Frederick F. Tisdall (J. Biol. Chem,, 1921, 47, 475—481).— 
tne or 2 c.c. of serum, diluted with 2 c.c. of water, are mixed with 
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1 c.c. of saturated ammonium oxalate solution. The precipitate 
is collected by centrifuging and repeatedly washed in the same way 
with water and 2% ammonia, and is then titrated with JV /100- 
potassium permanganate solution. An aliquot portion of the 
supernatant fluid of the calcium estimation is precipitated with 
ammonium phosphate ; the ammonium magnesium phosphate is 
collected in a Gooch crucible and' is dissolved in .V/ 100-hydro- 
chloric acid. Half the solution, mixed with 2 c.c. of a ferric 
thiocyanate solution, is compared eolorimetrically with standards 
prepared with known amounts of ammonium magnesium phosphate, 
The error is ±5% of the calcium and magnesium present. G. B. 

Sensitiveness and Applicability of Qualitative Reactions. 
II. Barium Ions. 0. Lutz (Zeitsch. anal. Chan., 1921, 60. 
209 — 223 ; cf . A., 1920, ii, 509). — The following are the minimum 
quantities of barium which can be detected by various reagents; 
in each case, 5 c.c. of the barium salt solution were treated with 
0'5 c.c. of the reagent and the observation was made after five 
minutes. Sodium arsenate and ammonium chloride, 1 ; 175; 
potassium ferrocyanidc and ammonium chloride, 1 ; 430 ; ammon- 
ium oxalate, 1 : 4400; sodium phosphate, 1 : G200; aniline hydro- 
silieofluoride, 1 : 6000 ; ammonium carbonate and ammonia, 
1:28000; sodium carbonate, 1 : 160000; sodium sulphite, 
1:160000; ammonium chromate, 1:1200000; sulphuric acid, 

1 ; 1600000. W. P. S. 

Application of Amalgams in Volumetric Analysis. I. 
Estimation of Molybdenum, Titanium, and Iron, Tamaki 
Nakazono ( J . Chm. Soc. Japan, 1921, 42, 526 — 537). — About 
0-15 gram of the metallic compound is reduced by vigorously shaking 
with 200 grams of liquid zinc amalgam and 10 c.c. of 2,V-sulphuiic 
acid during 0-5 — 1 minute in a specially made separating funnel, 
in which the air is replaced by carbon dioxide. After the reaction 
is completed, the solution is titrated with standard potassium 
permanganate solution. The method has been successfully applied 
to ammonium molybdate, titanic acid, and iron alum. The 
amalgam is prepared by heating 3 to 4 grams of zino with 100 
grams of mercury and some dilute sulphuric acid on a water-bath 
for one hour; the product is thoroughly washed with water and 
separated from solid residue. The amalgam may be used many 
times without loss of activity and the effect of some impurities in 
the metal on the accuracy is almost negligible. K. K. 

Dimethylglyoxime Reactions of Iron and Cobalt. Wish 
Vaubel ( Zeitsch . offentl. Chem., 1921, 27, 163 — 164). — A deep red 
coloration is obtained when solutions of ferrous salts arc treated 
with dimethylglyoxime solution and ammonia; the reaction is 
also given by ferric salts if a trace of ammonium sulphide is added 
before the ammonia. This coloration is distinct from that given 
by nickel salts, and there is no formation of a precipitate. Cobalt 
solutions give a yellowish-brown coloration with dimethylglyoxime 
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and ammonia ; if ammonium sulphide is added before the ammonia, 
the coloration produced is bluish-violet to deep red.] W. P. S. 

Quantitative Separation of Tin and Antimony in the 
Presence of Phosphoric Acid. (Mlle) Mouret and J. Barlot 
[Butt. Hoc. chim ., 1921, [iv], 29, 743 — 745). — The tin-antimony 
alloy is dissolved in aqua regia and the solution evaporated almost 
to dryness. The residue is taken up with warm concentrated 
hydrochloric acid and the solution diluted with an equal volume 
of water. To it is added at least 50 c.c. of an 8 — 9% solution of 
crystalline orthophosphoric acid for every 0-01 gram of tin present. 
Ihe antimony is precipitated as sulphide by hydrogen sulphide 
at SO — 90°, collected on a filter, and the antimony subsequently 
estimated eleetrolytieally. The filtrate is boiled to remove hydrogen 
sulphide and the tin is precipitated by the addition of eupferron 
and estimated in the usual manner. YV. G. 

Estimation of Titanium in Iron and Steel. Theodor 
Dieckmann (Zeitsch. anal. Chem., 1921, 60, 230— 234). — One gram 
of the sample and 1 gram of iron free from vanadium are dissolved 
separately in dilute nitric acid, the two solutions are evaporated 
with the addition of sulphuric acid and heated until fumes of 
sulphuric acid arc evolved; after eooling, the residues are boiled 
with dilute sulphuric acid, silica is separated by filtration, and the 
filtrates are treated with 10 c.c. of phosphoric acid ( d 1-3) and a 
few c.c. of hydrogen peroxide. Standard titanium sulphate 
iolution is added to the solution containing the iron free from 
.-anadium until the colour of this solution is brought to th&same 
ntensity as that of the solution containing the sample under 
Examination. YV. P. S, 

Estimation of Nickel and Copper on Nickel-plated or 
Copper-plated Iron Articles. H. Koelsch {Zeitsch. anal. 
C'hm., 1921, 60, 240 — 241). — The nickel or copper may be dissolved 
by immersing the metal in a hot sodium nitrite solution acidified 
with acetic acid ; the iron does not dissolve as long as nitrite ions 
are present (see D.R.-P. 319855 and 330131). YV. P. S. 

Estimation of Vanadium in Steels and Iron Alloys, bi'ici 
Rolla and Mario Nuti (Giorn. Chim. lnd. Appl., 1921, 3, 287). — 
' anadium may be precipitated quantitatively from a solution 
containing about 1% of free hydrochloric or sulphuric acid by 
means of 4°^ aqueous " eupferron ” solution in the cold, the 
precipitate being washed with 2% hydrqchloric or sulphuric acid 
solution to which 2% of the 4% eupferron solution has been added, 
uried at about 70°, calcined and weighed as vanadium pentoxide. 
ron and chromium may be easily separated from vanadium by 
precipitation by means of boiling sodium hydroxide solution. In 

e case of ferrovanadium, about 0-5 gram is treated with six times 
1 » weight of sodium peroxide in an iron crucible, the silica being 
removed after filtration and the iron as described above, and the 

VOL. cxx. ii, 22 



ii. 598 • ABSTRACTS OF CHEMICAL PAPERS. 

vanadium precipitated with eupferron. With steel, the hydro- 
chloric acid solution is used, this being freed from silica and tungsten 
by filtration and from iron by treatment with ether ; the liquid is 
boiled with sodium carbonate and filtered, the filtrate being 
treated with either lead acetate or lead nitrate and acetic acid 
The lead vanadate thus precipitated is dissolved in dilute hydro- 
chloric acid and evaporated with concentrated sulphuric acid 
The residue is taken up in water and the vanadium precipitated 
in the filtrate by means of eupferron. T. H. P. 

Denighs's Test for the Detection and Estimation of Methyl 
Alcohol in the Presence of Ethyl Alcohol. Robert M. Chapk 
(J. Ind. Eng. Chem., 1921, 13, 543 — 545). — A modification of 
Dcniges’s method is described, the new procedure rendering the 
test more trustworthy. The alcohol is diluted until it contains 
1% of total alcohols (solution A); 10 c.c. of this solution are mined 
with 10 c.c. of 4% ethyl alcohol and diluted to 50 c.c. (solution B). 
and 10 c.c. of the latter solution are also mixed with 10 c.c. of di- 
ethyl alcohol and diluted to 50 c.c. (solution C). Four c.c. of eacS 
of these solutions are placed in separate Nessler cylinders, and 
standards containing 1, 2, 3, etc., c.6. of 0-04% methyl alcohol 
solution, and 1 c.c. of 4% ethyl alcohol solution are prepared in 
other cylinders, the volumes in each case being diluted to 4 c.c. 
Each cylinder then receives the addition of 1 c.c. of phosphoric 
acid (1 : 5) solution and 2 c.c. of 3% potassium permanganate 
solution; after thirty minutes, l c.c. of 10% oxalic acid solution 
is added to each, followed, after two minutes, by 1 c.c. of concen- 
trated sulphuric acid and 5 c.c. of Schiff-Elvove reagent. The 
colorations obtained are compared after the lapse of one hour. 
Acetone does not interfere with the method, but glycerol, carbo- 
hydrates, formic acid, acetic acid, and phenol, if present, should 
be removed by distilling the alcohol with the addition of sodium 
hydroxide ; formaldehyde and terpenes are removed by treatment 
with silver nitrate and sodium hydroxide followed by distillation. 

W. P. s. 

Possible Improvements in the Ebulliometric Estimation 
of Alcohol in Wines. Ugo Pratolosgo ( Giorn . Chim . Ind.Affl., 
1921, 3, 290 — 293). — The construction of the scale, and the con- 
struction, control, and use of the ebulliometer, are discussed (seel. 
Soc, Chem. Ind., 1921, 7!1aJ. T. H. P. 

Application of the Determination of Miscibility Tempera- 
ture to Alcoholimetry. H. Rosset (Ann. Chim. Analyt., 1921. 
[ii], 3, 235 — 239). — The miscibility temperature (the point at 
which the surface of separation of certain mixtures disappears) 
may be used to estimate the alcoholic strength of a liquid. For 
instance, when 5 c.c. of an alcoholic solution are mixed with 30 c.c. 
of pure acetone and 5 c.c. of standard light petroleum (b. p. 210— 
225°), the miscibility temperature varies from — 0-5° for 90° 0 
alcohol to +27-6° for 65% alcohol. For lower alcoholic strengths, 



ANALYTICAL OHEMISTBY. 


ii. 598 


a mixture of 50 c.c. of acetone and 5 e.c. of light petroleum is used, 

5 c.c. of the alcoholic solution being added ; in this case, the misci- 
bility temperature varies from — 1-0° for 65% alcohol to +23-0 0 
for 28% alcohol. W. P. S. 

Concentration and Purification of Alcoholic Fermentation 
Liquids. I. Distillation in Steam of certain Alcohols. 

Joseph Reilly and Wilfred J. Hickinbottom (Sci, Proc. Roy. 
Duti. Soc., 1921, 16,. 233 — 247). — The distillation constants of 
methyl, ethyl, propyl, a-butyl, isobutyl and see.-butyl, and isoamyl 
alcohols have been investigated under experimental conditions 
similar to those employed in the recent work on fatty acids (A., 
1919, ii, 528). Dilute solutions of the alcohols were distilled at 
constant volume, in most cases 200 c.c., water being introduced 
into the distillation flask at the same rate as distillation proceeded. 
The alcohol content of successive fractions of distillate was estimated 
from the density and by oxidation. The distillation constant, 
A=l/i) log aja—x , in which a is the initial amount of alcohol in the 
flask and x the amount in the total distillate after a volume v has 
distilled, was found to increase with the molecular weight of the 
alcohols and to be greater for sec.- and iso-butyl alcohols than for 
ti-butyl alcohol. For a given alcohol it was, as anticipated from 
general considerations, inversely proportional to the initial volume 
of liquid in the flask, and it also varied, although to a smaller extent, 
withi the concentration of the alcohol, increasing as the concentra- 
ted diminished. This variation of the. constant with concentration 
lonfirma earlier work by Sorel (A., 1803, ii, 347) and Groning. 
Several possible, causes of these variations are discussed, and it is 
suggested that they may be accounted for by variations in the 
‘ mass of water per c.c. of distillate.” J. H. L. 

Estimation of Cresol by the Phenol Reagent of Folin and 
Denis. Robert M. Chapin (J. Biol. Che.m., 1921 , 47, 309 — 314). — ■ 
Apart from other defects (cf., for example, Gortner and Holm, 
A., 1920, ii, 643), the estimation of phenols by the colorimetric 
method of Folin and Denis (A., 1915, ii, 802) suffers from the 
disadvantage that the phenol reagent gives colours of different 
intensity with equivalent quantities of different phenols. For the 
estimation of total crcsol in mixtures of cresols of approximately 
known composition the author therefore introduces the use of 
empirical factors. The method is applied to the estimation of 
phenolic preservatives in serums. E. S. 

Volumetric Estimation of Aminonaphthol-mono- and di- 
sulphonic Acids, Giorgio Renato Devi ((Horn. Chim. Ind. 
Appi., 1921, 3, 297 — 302). — The aminonaphtholsulphonic acids may 
be titrated either with sodium nitrite in an acid solution or with 
diazo-compounds, comparison of the results obtained in these two 
ways serving as the best criterion of the purity of these compounds ; 
the difference should be not more than 0-5% for a dry, or 0-2% for 
1 P^ty, product. The titration with nitrite is carried out by 
■unning iV/ 5-sodium nitrite solution into a fresh solution or 

22* — 2 . 
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suspension of the sulphonic acid containing free mineral acid- 
excess of the latter causes no appreciable increase in the velocity of 
diazotisation ; the latter is, however, affected by the temperature 
which should be to 10 — 12° at first and 25 — 30° at the end of the 
reaction. In the titration with diazo-compounds, the author 
makes use of either freshly-prepared diazobenzene or recently, 
titrated p-nitrodiazobenzene. In general, these aminonaphthol- 
sulphonie acids may undergo combination in two different ways 
namely, in acid solution in the ortho-position to the amino-group’ 
and in alkaline solution in the ortho-position to the hydroxyl 
group. Contrary to the statement made in many patent specifica- 
tions, in acetic acid solution the combination occurs in the ortho- 
position with respect to the hydroxyl group. The colorations 
produced by the diazo-compounds of the aminonaphtholsulphonie 
acids are due to an internal combination, occurring either within a 
single molecule or between two molecules. 

The aminonaphtholmonosulphonic acids examined were : M-aeid 
(NH 2 : OH : S0 3 H= 1:5:7), S-acid (1:8:4), y-acid (2:8: 6), 
J-acid (2:5:7) and R-aeid (2:3: 6), and the disulphonic acids ■ 
2S-aeid (NH, : OH : S0 3 H : S0 3 H=1 : 8 : 2 : 4), H-acid (1:8:3: 6),' 
K-aeid (1 : 8": 4 : 6) and 2R-acid (2:8:3: 6). Taking the “ nitrite 
number ” as basis, the titration of the diazo-compounds may be 
effected as follows : M-, 2S-, and 2R-acids with p-nitrodiazobenzenn 
in sodium carbonate solution, and J- and R-acids in acetic acid 
solution; S-, y-, and K-aeids in acetic acid solution, and H-acid 
in sodium carbonate solution, with diazobenzene. Qualitative 
characters for the differentiation between the various isomeride* 
are given. T. H. P. 

The Estimation of Citronellol by the Formylation Method. 

Alexander St. Rfau ( J . pr. Chem., 1921, 102, 276— 282).— The 
estimation of geraniol and citronellol by the formic acid method 
gives inexact results, in part because a portion of the geraniol 
undergoes esterification. Even with pure citronellol, however, 
the method gives uncertain data (of. Schinimel & Co., A., 1914, 
i, 67 ; Simmons, A., 1916, ii, 1 17). The author’s results are irregular 
and high when 100% acid is used, but low with a weaker acid. It 
is shown that the action of the acid on citronellol is not a simple 
process, fractionation of the product under diminished pressure 
leading to the isolation of citronellyl formate, b. p. 99 — 100°(corr.)| 
7 mm., the compound, OH-CMc 2 -[CH 2 ] 3 -CHMe-CH 2 -CH 2 'O - CH0, b. p, 
129°(corr.}/5 mm., <i’ 5 0-9651, a D +l“46', 1-4488 and the corre- 

sponding di-formate, Cile. (O-CHO)-[CH 2 ] 3 -CHMe , CHj*CH a *O‘CH0, 
a colourless, highly refractive liquid, b. p. 140 — 141°(corr.)/7 mm., 
unchanged citronellol and, frequently, a small amount of more 
volatile liquid, possibly an aliphatic or a cyclic terpenc. H. W. 

Estimation of the Composition of Ternary Mixtures : 
Ether-Water Alcohol. Louls Desveronjss ( Mon. Sci., 1921, 
11, 145 — 150). — The composition of mixtures of ethyl ether, ethyl 
alcohol, and water is estimated by determining the quantity of 
water or of ether required to produce a turbidity, or the quantity 
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0 f alcohol required to produce a clear liquid when the mixture is not 
homogeneous; graphs are given which show the composition 
corresponding with the quantities of water, etc., added. 

W. P, S. 

The Estimation of Sugar in Urine. J. G. van der Harst 

and C. H. Koers ( Pharm . Weekblad, 1921, 58, 1230 — 1232). 1 The 

fermentation apparatus devised by Stephan under the name hydro- 
saccharometer has been found to be more trustworthy than Wagner’s 
apparatus and to give results as accurate as those obtained by the 
polarimetcr where the sugar content is not below about 1%. The 
Causse-Bonnans method has been re-examined, and again found 
unsatisfactory. g. j ^ 


Volumetric Estimation of Phenylhydrazine and its Applica- 
tion to the Estimation of Pentosans and Pentoses. Arthur 
Robert Lino and Dinshaw Rattonji Nanji ( Biochem . J., 1921 
15, 466—468). — The carbohydrate is distilled in the usual way with 
12% hydrochloric acid; an aliquot portion of the distillate is 
neutralised, slightly acidified, mixed with a standard aqueous 
phenylhydrazine solution (about 2%), kept at 50—55° for twenty 
minutes, and filtered; an aliquot part of the filtrate, containing 
excess of phenylhydrazine, is mixed with excess of standard iodine 
solution, and titrated with thiosulphate. The reaction is repre- 
sented by the equation PhNH-NH 2 4-2I 2 =3HI+0 6 H.I-fN 2 . The 
results agree closely with those obtained by the phloroglucido 
method. Q 


Identification of Ouabain and Strophanthin, and a New 
Test to Distinguish between the two Glucosides. A 

Richaud (J. Pharm. Chim., 1921, 24, 161— 166).— To distinguish 
between ouabain and strophanthin in actual pharmaceutical practice 
where often only a milligram or so of the substances is available, 
the following differential characteristics may he utilised : Ouabain 
is soluble in 150 parts of water at 15°, whilst strophanthin dissolves 
in 40-43 parts at that temperature. The solution of the former is 
perfectly dear and colourless, and does not give a persistent froth 
on shaking. Strophanthin solutions, on the other hand, are in- 
clined to be yellow, and arc not perfectly transparent. They 
have a very pronounced bitter taste, and give a persistent froth 
on agitation. Under the microscope, ouabain appears as a pure 
white powder or small, rectangular tabular crystals, whilst strophan- 
™ n appears usually as a dirty or yellowish-white, amorphous 
powder, or crystallised in leaflets often grouped round a centre, 
tmally, a new colour reaction is proposed, which consists in wanning 
m a water-bath at 60° or 70° in a test-tube 5 c.c. of concentrated 
Hydrochloric acid, a few crystals of resorcinol, and a trace of the 
glucoside. Ouabain gives no coloration, and strophanthin a rose 
colour the test depending, of course, on the difference in the sugars 
generated by the hydrolysis of the two glucosides. G. F. M. 


Detection °f Oxalic and Citric Acids. M. Polo.novski 
[J ' Pharm ■ Chm > 1921, 24, 167 — 168). — The usual method for the 
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detection of oxalic acid is simplified by the following procedure. 
The acid radicles are converted into sodium salts, and a saturated 
solution of calcium fiuoride is added to the alkaline filtrate acidified 
with acetic acid. In presence of oxalic acid, calcium oxalate is 
precipitated under these conditions, its solubility in water at 15° 
being 0-00056%, whilst that of calcium fluoride is 0-05%. In the 
absence of fluorides from the original substance, a saturated solution 
of calcium sulphate may advantageously be substituted for the 
fluoride solution. 

Citric acid may readily be detected in presence of any of the 
common organic acids by adding to the original solution potassium 
permanganate solution until the pink colour persists, then 1 c.c. of 
bromine water, and warming to decolorisation. In presence of 
citric acid, a precipitate of perbromoacetone is formed, but still 
more characteristic is the evolution of irritant vapours which 
attack the eyes, so that the least trace cannot possibly escape 
detection. *3- F. M. 

Detection and Estimation of Laevulic Acid in Foods. L. 

Grunhut (Z. Unters. Nahr. Genussm., 1921, 41, 261—279).— 
Lrevulic acid occurs in certain carbohydrate foods, and is usually 
accompanied by formic, acetic, and lactic acids ; it may be identified 
by- the red coloration which it yields with sodium nitroprusside in 
alkaline or acetic acid solution. A method for the estimation of 
tevulic acid depends on its oxidation to acetic acid by means of 
potassium dichromate and sulphuric acid ; the resulting acetic acid 
is distilled and titrated. Formic aeid under the same conditions 
is oxidised to carbon dioxide ; if the amount of acetic acid found 
in the distillate is in excess of that calculated from the quantity of 
dichromate reduced (after allowing for the formic acid as estimated 
separately by the mercuric chloride method), the presence of free 
acetic acid in the sample is indicated. Lactic acid is also oxidised by 
dichromate to acetic acid. In the case of a sample containing all 
the four acids mentioned, the procedure adopted is to acidify the 
substance with phosphoric acid, extract the organic acids with 
ether (a quantity of sodium hydroxide is placed in the extraction 
flask to prevent volatilisation of the formic acid with the ether), 
then extract the ethereal solution with dilute sodium hydroxide 
solution and evaporate the united aqueous extracts to dryness. 
The dry residue is dissolved in a definite volume of water, the organic 
acids are liberated, and the solution is submitted to a simple dis- 
tillation. The distillate c mtains the whole of the acetic acid, the 
greater part of the formic acid, a small quantity of Iffivulic acid 
and no lactic acid ; the residual solution in the flask will contain the 
greater part of the lsevulic acid, the remainder of the formic acid, 
the whole of the lactic acid, and no acetic acid. The two solutions 
are analysed separately as described. W. r. a. 

Detection and Estimation of Salicylic Acid in Wine. M- 

Fresenics and L. Grunhut (Zeitseh. anal. C 'hem., 1921, 60, 

266). — Fifty c.c. of the wine are acidified with sulphuric aci , 
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extracted with a mixture of ether and light petroleum, the extract 
is evaporated, and the residue tested with ferric chloride. To 
estimate the salicylic acid, 500 c.c. Of the wine are boiled under a 
reflux apparatus for one hour with the addition of sodium hydroxide 
solution, the mixture is then cooled, acidified with sulphuric acid, 
and extracted with ether-light petroleum mixture. The ethereal 
solution is evaporated with the addition of a small quantity of 
water, the residual aqueous solution diluted to a definite volume, 
and used for the colorimetric estimation of the acid by the ferric 
chloride method. W. P. S. 

Estimation of Salicylates and Phenol. W. 0. Emery (J 
Ini. Eng. Ghem., 1921, 13, 538 — 539). — A method for the estimation 
of phenol and salicylates, particularly salol (phenyl salicylate), 
depends on the formation of a red, amorphous compound, di-iodo- 
phcnylene oxide, when phenol or salicylic acid is treated with iodine 
in the presence of sodium carbonate : 2Ph0H-(-6I 2 +4Na 5 ,C0 3 = 
2C 8 H 2 0I 2 +8NaI+4C0 2 +4H, ! O, and 2C 8 H 4 (0H)-C0 2 H+6I 2 + 
4Na 2 C0 3 =2C 6 H 2 OI 2 -|-8NaT-(-6CO 2 -|-4H 2 O. To estimate salol in 
admixture with acetanilide, phenacetin, and caffeine, a portion of 
the sample containing about 0-1 gram of salol is extracted with 
chloroform, the chloroform solution is evaporated, and the residue 
obtained treated with 10 c.e. of 1% sodium hydroxide solution 
and heated in a reflux apparatus at such a rate that it boils in two 
minutes; three successive quantities of 10 c.c., 30 c.c., and 50 c.c. 
respectively of water are then added, the mixture being boiled 
after each addition. One gram of sodium carbonate is added with 
the last quantity of water. An excess (55 to 60 c.c.) of A r /5-iodine 
is then added to the boiling solution, the flask is removed from the 
condenser, a further L gram of sodium carbonate is introduced, 
and the mixture boiled gently for about twenty minutes. If 
phenacetin is present, the quantity of iodine solution mentioned 
should be increased by 5 c.c. for each 0-1 gram of phenacetin 
: supposed to be in the mixture. The precipitate formed is collected, 
washed with 200 c.e. of hot water, dried at 100°, and weighed; 
tile weight found is multiplied by 0-3113 to obtain the corresponding 
quantity of salol. W. P. S. 

Estimation of the Saponification Number, Iodine-Bromine 
Number and Bromine-substitution Number [of Pats and 
Waxes], E. Schulek (Pharm. Zentr.-h., 1921, 62, 391- 395).— 
The use of propyl alcohol, as proposed by Winkler (A., 1911, ii, 550) 
is recommended in the estimation of the saponification number, 
since by the -use of this solvent even waxes are saponified com- 
pletely in a short time. In the case of the iodine-bromine number, 
the results obtained are the higher the longer the time of contact 
of the fat or oil with the reagent, particularly in the case of linseed 
oil, croton oil, and lanolin. The reaction in the estimation of the 
bromine-substitution number is practically complete after two 
hours’ contact, W. P. S. 
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Colour Reactions of some Nitro-substances. 0. Rudolph 
(Zeitsch. anal. Ghern., 1921, 60, 239 — 240). — The following colora. 
tions are obtained when about 1 milligram of the substance 
dissolved in 10 c.e. of alcohol or acetone and then treated with 2 e.c. 
of difute sodium hydroxide solution or ammonia : 


Alcohol solution. 


Acetone solution. 


With sodium With sotliiim 

hydroxide. With ammonia. hydroxide. With ammonia. 


e-Dinitrobenaein colourless colourless colourless colourless 

wi- Dinitrobenzene „ „ intense reddish- pink to purple 

violet 

p-Dinitrobenzene „ no characteristic intense yellow yellow 

colour 

1 : 3 : 5-Trinitrobenzene ... yellowish-red yellowish-rod blood-red blood-red 

2: 4-DinitrotolueOfl deep blue colourless deep blue colourless 

2 : 6-Dinitrofcoluene colourless ,, faint pink „ 

2:4: 6-TriniLrotolucne ... deep yellowish* bright red purplish-red light red 
red 

1 : S-Dinitronaphthaloin ... yellowish-red red yellowish-red red 


w. p. s. 


Assay of Aconitine. A. R. L. Dohme (Amer. J. Pham., 
1921, 93, 426 — 429).-— A physiological method is described and 
recommended for the valuation of aconite and its preparations, 
since the ordinary chemical method of extracting the total alkaloids 
does not differentiate between the amount of aconitine, benzoyl- 
aconine, and aconine present, and there appears to be no method 
available for their separation. Aconitine is about three hundred 
times as toxic as bcnzoylaconine and four thousand times as toxic 
as aconine. In the case of the fluid extract, 1 c.c. is diluted to 
10 c.c. with 50% alcohol, and small quantities of this solution, 
diluted to a volume of 1-5 c.c. with normal saline solution are 
injected into the subcutaneous tissues of the abdomens of guinea, 
pigs of about 350 grams body weight. The lethal dose is taken 
to be the smallest quantity which will kill within twenty-four hours. 
Approximately 0-00000005 gram per gram of guinea-pig is the lethal 
dose of aconitine. W. P. S. 


Colorimetric Estimation of Carnosine. Wintered Mary 
Clifford ( Bior.hem . J„ 1921, 15, 400— 407).— A modification of 
Koessler and Hanke's colorimetric method for estimating iminazole 


derivatives (A., 1920, ii, 67). The minced tissue is extracted with 
a known volume of water at 00 — 90°. The aqueous extract is then 
treated with metaphosphorie acid and iiitered. An aliquot portion 
of the filtrate is neutralised to litmus and the depth of colour pro- 
duced on admixture with sodium carbonate and p-diazobenzenc- 
sulphonie acid determined colorimetrically in a Duboscq colorimeter. 
Parallel estimations agree to 0-05 mm. S. S. Z. 


Estimation of Acetanilide. A. Reclame ( Perf . Ess. Oil 
Rec., 1921, 12, 280). — A method, sufficiently accurate for technical 
purposes, for the estimation of acetanilide, particularly for acet- 
anilide used as an adulterant in artificial musk preparations, is carried 
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out as follows : About 1-5 grams of the substance are boiled in an 
acetylation flask with 50 e.c. of 20% hydrochloric acid for fifteen 
minutes. The volume is then made up to 500 e.c., and to 25 c c 
an excess of a standard potassium bromide-bromate solution and 
5 e.c. of Strong hydrochloric acid are added. Tribromoanihnc is 
precipitated and the excess of bromine estimated by potassium 
iodide and sodium thiosulphate in the usual way ^One c e of 
.V/lO-thiosuIphate equals 0-00225 gram of acetanilide. G. F. M. 

A Colour Reaction for Carbamide. Victor Arregttine and 

EdctaRDO D. trARCiA {Anal. Asoc. Quim . Argentina , 1921 9 183 

191)— 1 H> e colour reactions for carbamide are discussed. The 
reaction proposed by the authors consists in adding resorcinol and 
hydrochloric acid to an aqueous solution of the substance under 
examination and boiling for about one minute. After eooliny and 
dilution with water, the liquid is shaken with ether. The ethereal 
layer is coloured pink to red, according to the amount of carbamide 
present. Further colour changes in the ethereal layer are observed 
on addition of am monia solution. One milligram of carbamide may 
be detected by this test, which is also given to a less degree bv 
guanidine and substances giving carbamide under the conditions 
of experiment. The reaction would appear to be characteristic 
for the group — C(NH 2 ) 2 . ft is not applicable to the quantitative 
estimation of carbamide. G W R 

Gasometric Estimation of Urea in Urine. Raymond I 
Stehle (J. Biol. Chen, 1<J2I, 47, 1.1- -17).- The hypobromite 

m ° S ?r tou T'! Wlth those stained by the urease 

method (A., 1914, n, 822) if the estimation is carried out in a 
vacuum after the removal of ammonium salts by means of permutite 
(cf. Youngburg, this vol., n, 358). E S 

Estimation of Urea Ammonia, and Amino-acids in Urine 
after Precipitation of the Ammonia. Philibert (J. Pharm. 

Uim., 1921, [raj, 24, 49—58. See also A., 1919 jj 374 ) 

Ammonia is precipitated as ammonium magnesium phosphate and 
separated by filtration ; the filtrate is then treated with basic lead 
meftw ag ? m f' tered > aild the urea estimated by the hypobromite 
ream ^ IWther P ortlun o{ the urine, after the ammonia has been 
tolutais'ldZ^ trohsed towards phcnolphthalcin, formaldehyde 
St on n*?’ n nd , 1U T ture tltrated with staudard alkaU 
or of ammonia aCe eXprCSSed in terms of ^trogen 

W. P. S. 

manidine ir f matl0, i °, f the complex silver picrate dicyano- 
vith 450 ce J g * am3 ? the sam P lc are shaken for three hours 

httedlo^OO C -°,- ?l L“ etlc T d > thc m ' x ture is then 
ow e.c., filtered, and 100 c.e. of the filtrate are treated 
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with 5 c.c. of 20% nitric acid and 20 c.c, of sodium piorate solution 
(7'5 grams of picric acid neutralised with sodium carbonate and 
diluted to 100 c.c.; this solution is used at 40° to prevent crystal, 
lisation of the salt). The mixture is then cooled in, ice-water and 
a slfht excess of silver nitrate solution (7-582 grams per litre) (g 
added and, after fifteen minutes, the whole is diluted to 200 c.c 
and filtered. Five c.c. of 20% nitric acid and 2 c.c. of 5% ferric 
sulphate solution are added to 100 c.c. of the filtrate and the excess 
of silver is titrated with standardised thiocyanate solution. Each 
1 c.c. of the silver nitrate solution is equivalent to 1% of dicjanc. 
diamide-nitrogen. The estimation of urea is based on the formation 
of urea oxalate ; 5 grams of the sample are shaken with 100 c.c, 
of amyl alcohol, the solution is filtered, 50 c.c. of the filtrate arc 
mixed with an equal volume of ether, and the urea is precipitated 
by the addition of 25 c.c. of a 10% solution of anhydrous oxalic acid 
in amyl alcohol. After thirty minutes, the precipitate is collected 
on a filter, washed twice with a mixture of equal volumes ol amyl 
alcohol and ether, once with ether alone, dried under reduced 
pressure, and weighed. The precipitate contains 57-01 % of urea 

W. P. S. 

Reaction for the Micro-chemical Detection of 11 Chinosol" 
or 8-Hydroxyquinoline Salts. C. Griebel (Pham. Zenlr.-h 
1921, 62, 452— -456). — A 2% solution of “chinosol” (8-hydro.\y. 
quinoline sulphate), when treated with a drop of potassium ferro- 
cyanide solution, yields a bright green, crystalline precipitate, the 
colour changing within a few minutes to orange-red. The pre- 
cipitate is formed more slowly from dilute solutions, and is not 
given when the concentration of the solution is less than 0-5%. 
With potassium ferricyanide, 8-hydroxyquinoline sulphate solution 
yields a yellow, crystalline precipitate. W. P. S. 

Estimation of Pyramidone (4-Dimethylammo-l-phenyl- 
2 : 3-dimethyl-S-pyrazolone) in Presence of Antipyrine 
(l-Phenyl-2 ; 3-dimethyl-5-pyrazolone) and Aspirin (o- 
Acetoxybenzoic Acid). E. Ouveki-Manbala and E. Calderaro 
(Gazzetta, 1921, 51, i, 324 — 328). — Pyramidone may be estimated 
in presence of antipyrine and aspirin by taking advantage of the 
fact that the former, but not the latter, yields dimethylamine when 
boiled with concentrated potassium hydroxide solution (1:1); 
the amine is eoilected in a known volume of standard acid and ife 
amount determined by titration : 1 gram of pyramidone is found 
to correspond with 8-50 c.c. of seminormai sulphurio acid, the 
theoretical number being 8-64 c.c. 

* When titrated with seminormal hydrochloric acid in presence of 
methyl-orange, 2 grams of pyramidone correspond with 16 c.c. of 
the acid and 0-9 gram of aspirin with 1 c.c. of the acid. Hence, the 
percentage (-4) of aspirin in a mixture of the two compounds is 
given by the formula A— 9(16-6— x), where x denotes the number 
of c.c. of the seminormal acid required to neutralise 2 |rams of the 



ANALYTICAL CHEMISTRY. 


ii. 607 


mixture; then 100 -.4 gives the percentage of pyramidone. [See, 
further, J. Soc. Chem. Ini., 1921, 600a.] T. H. P. 

Estimation of Veronal in Urine and Human Organs. L. 

van Itallie and A. J. Steenhauer ( Pharm . Weekblad, 1921, 58, 
jO 02 — 1068). — Ethyl acetate is preferable to ethyl ether for ex- 
tracting veronal from urine, the solubility being 1 : 8-9 in the 
former, and 1 : 18-7 in the latter. When the extract is purified with 
charcoal, low yields are obtained owing to adsorption. Treat- 
nieift of the urine with lead acetate or basic lead acetate effects 
precipitation of some of its constituents and prevents emulsification 
during the extraction ; by treatment of the extract with potassium 
permanganate, a quantitative yield of pure veronal is obtained. 
The method is as follows : 100 c.c. of urine are treated with 10 c.c. 
of lead acetate (or basic lead acetate) solution, and filtered. The 
filtrate is evaporated to 25 c.c. and acidified with acetic acid. It is 
then extracted with twice its volume of ethyl acetate, filtered, and 
evaporated ; the residue is dissolved in 10 c.c. of boiling water, with 
addition of 5 c.c. of dilute sulphuric acid, and A/10-potassium 
permanganate solution added until the supernatant liquid is 
colourless. The manganese oxide formed is decomposed with a 
few drops of hydrogen peroxide, the liquid is shaken with twice 
ts volume of ethyl acetate, filtered, evaporated, and the residue 
dried at 100°. With suitable modification this method is applicable 
also to the estimation of veronal in various organs. W. J. W. 

The Colorimetric Estimation of Tyrosine and the Phenolic 
Number of Proteins. PrERRE Thomas (Bull. Hoc. Chim. Biol, 
1921, 3, 197— 216).— In the estimation of tyrosine in proteins by 
the colorimetric method of Folin and Denis (A., 1912, ii, 1012) 
the presence of tryptophan, scatole, indole, and reducing reagents 
vitiates the results; hence the method is untrustworthy and must 
he rejected (compare Abderhalden and Fuchs, A., 1913, i, 409; 
Folin and Denis, A., 1913, i, 915). The author suggests the char- 
acterisation of proteins by means of their phenolic numbers, the 
latter being defined as the numbers, calculated in percentages of 
tyrosine, which represent the phenolic constituents of the hydro- 
lysates. For the estimation of the phenolic number a weighed 
portion of the protein is hydrolysed with 25% sulphuric acid, filtered 
from humin, neutralised with barium hydroxide, acidified with 
pitric acid, and filtered. Just sufficient mercuric nitrate is then 
added to an aliquot part of the filtrate to precipitate the tryptophan. 
After decolorisation, if necessary, by addition of a small quantity 
of animal charcoal, the colour produced by the addition of 2 c.c. 
of Millon's reagent to 10 c.c. of the filtered solution is compared 
with a tyrosine standard. The results of a number of estimations 
are given. E. S. 

Some Corollaries of the Laws of Hydrolysis by Enzymes. 

H. Colin (Bull. Soc. Chim. Biol, 1921, 3, 263— 272).— Deductions 
are made from the laws which govern hydrolysis by enzymes and 
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are illustrated by examples of the hydrolysis of various sugars 
The author is able to detect the presence of. sucrose in specimens 
of other sugars, to obtain a quantitative idea of the amount of 
enzyme present in a given preparation, and to determine the relative 
molecular weights of various sugars which are hydrolysed by the 
same enzyme. C. R, H 

A Colour Reaction Common to Antiscorbutic Extracts and 

to Quinol. N. Bezssonoff ( Compt . rend., 1921, 173, 466 — 468). 

A modified form of the Folin-Denis phenol reagent, prepared by 
adding its own volume of A 7 -sulphuric acid to a solution contain- 
ing 100 grams of sodium tungstate, 20 grams of phosphomolybdic 
acid, and 16-6 c.c. of concentrated phosphoric acid per litre is 
found to give a blue coloration with plant extracts known to possess 
antiscorbutic properties and no colour, or at least not a blue colour 
with extracts devoid of such properties. It is possible that the 
I action is not due to the antiscorbutic substance itself, but to some 
polyphenol easily detached from it in solution. Of the numerous 
phenols examined, quinol was the only one to give the blue colour 
with this reagent. 

When evaporated at 40°, the reagent gave monoclinic crystals 
having the -composition 17W0 3 ,Mo0 3 ,P,0 5 ,H 2 0,21H 2 0. W. G. 

Methods for Estimating the Amount of Colloidal Material 
in Soils. Charles J. Moore, William H. Fry, and Howard £. 
Middleton (J. Ini. Eng. Chan., 1921, 13, 527—530).— Soil was 
shaken with water, allowed to settle for twenty-four hours, the 
turbid liquid then decanted, submitted to centrifugal action, and 
the resulting opalescent liquid filtered through Pasteur-Chamber- 
lain filter tubes. The colloidal substance collected on the tubes 
was washed and dried at 110°; it consisted essentially of hydrated 
aluminium silicate and has been named " ultra-clay.” Each 1 c.c. 
of the ultra-clay absorbed 93 c.c. of dry ammonia gas, but lost 
this property when heated previously at 1130°. A sample of the 
soil from which the ultra-clay was obtained absorbed 27-7 c.c. of 
ammonia per 1 c.c., and 1-4 c.c. of ammonia after previous heating 
at 1130° (this absorption was probably due to substances other 
than “ ultra-clay ”J and it is therefore calculated that the soil con- 
tained 28-3% of colloidal substance. An exactly similar result was 
obtained by a method depending on the absorption of malachite 
.green from an ammonium oxalate solution. W. P. S. 
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